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PREFACE

The Coast and Geodetic Survey is preparing a new topographic manual in which are
stated the general requirements of the Bureau for topographic surveys and for phorogran-
metry. This manual is one of a series covering the various operations of the Bureau. The
new manual is being published i two parts—DPart T will contain the requirements and
detailed instructions Tor field topographic survevs, including plinetable survevs without
using avrial photographs and phategrammetric field survevs made for the compilation of
maps from aerial photographs; when available, Part I will supersede Special Publication No.
144, Topographic Manual, and all prior instructions for field photogrammetric surveys.
Part IT contains the requirements and detailed procedures for all photogrammetric opera-
tions except photogrammetric field surveys.

Part IT is published first because the need for this part of the Topographic Manual is
more urgent. The requirements of Part II supersede all prior instructions on the pertinent
subjects, including the preliminary lithographic issues of some separate chapters.

The subject matter in Part II is identified by a decimal numbering system and all
referencing is by these numbers. The reader should understand the significance of these
numbers. FEach chapter, of which there are nine, is divided into not more than nine
sections. Lach section is subdivided into not more than nine subjects and each subject
into not more than nine numbered headings. The first digit of a number identifies the
chapter, the second digit the section, the third digit the subject, and the fourth the heading.
For example, 1317, Review Section, is the seventl heading under the first subject in the
third section of chapter 1, entitled Preliminary Office Procedures. The illustrations and
tables are also identified by an unusual numbering system, whereby they are numbered
‘consecutively within each chapter; for example, figure 6.7 is the seventh figure in the
sixth chapter.

.5+ Part IT of the Topographic Manual has been prepared under the direction of
'Captam K. T. Adams, Chief, Division of Photogrammetry. Much valuable advice and
‘assistarice have been received from personnel of the Baltimore and Tampa Photogrammetric
Offices and the Washington Office. Many personnel contributed to the actual compilation
of the text, but special credit is due the following personnel of the Washington Office of
the Division of Photogrammetry : to Mr. G. C, Tewinkel who wrote Chapter 3, Photo-
- grammetric Theory, and Chapter 6, Stereoscopic Plotting Instruments, and who assisted
;- with other parts of the manual; to Mr. Ralph Moore Berry who wrote Chapter 2, Aerial
* Photography, and to Mr. Bennett G. Jones for the preparation of Chapter 7, Records and
_ Reports, Chapter 8, Washington Office Completion, and Chapter 9, Miscellaneous, and
for reviewing the entire manuscript.

II1



CONTENTS
Cuapter 1. —PRELIMINARY OFFICE PROCEDURES

Page
11, General SIALEIMENT o v ettt ettt e e e in et aeaee
12. Requirements fOT MAP BCCUTRACY .. \tuutune e ae e e cas e e ettt ntateanaansaneanss 2
121. National Standards of *Map Accuracy. 122, Coast and Geodetic Survey map
accuracy.
13, Outline 0f OPEFAHIONS ... . tuiuttneree ettt enr et ae it e e esastann e iranaeeaearenss 3

131, Photogrammetric office organization.  132. Photogrammetric office.
Equlpment and instruments for photogrammetric offices ...... S S LR
141. Instruments.  142. Furniture. 143, Ratio reflecting projectors. . 144 Stereoscopes.

15. Project planning—photogrammetric offices and field parties ......... O
151. Project instructions for topography and planimetry. 152. Coordination of parties.
=133 Pro;ect layouts and graphic indexes. 154 Pro_ycct source material, .. 155. Classiz.qonzy,
“fied data. ‘156, Ordering photographs. = ]37 Photographs™ for" field” work, g’*l;%”Ad@’%ﬁQ‘%
- quacy of phptogpaphy. . 158. C

21. General statement ........ heeesaas
211. Coast and Geodetxc Survey use of aerxal photographs
s and materials o, iR :
221. Lens requirements. 222, Single-lens cameras.
Trimerogon Camera. 225, Film.  226. Filters.

23.. _Airplanes, instruments, ANA ACCESSOTIES 4 vvevvureeaennnsereasesasoassneeraaasenaeeananen A7 &

’ 231. Airplane and flight personnel. 232, Operation.  233. Instruments for aerial photog-""*-.5'"
raphy.

24. General instructions for aerial photography ......oveeviiii i <8

T Sy T L 1 LT 93

26, Laboratory processing and 1eCOrdS .. ....i.nir i 07

261, Lahoratory processing.  262. Inspection and indexing. 263, Types of reproduc-
tions. 264, Printing equipment.

Cuarrer 3—PHOTOGRAMMETRIC THEORY

31, Optical PRNCIDIES L.ttt e e 100
311, The function of a lens. 312, The idea of light rays. 313. The lens-pinhole
analogy. 314 Snell's law of refraction. 315 The simple lens law. 316, Nodal points.

317. Magnification.  318. Lens aberration.  319. The aerial camera lens.

32, The vertical aerial photograph ... e e 107
321, Comparison of a photograph with a map. 322, Scale, focal length, and fiying height.

323 Relief displacement. 324, The theory of flight planning. 325, Theory of radial
ploting. 326, Parallax and clevations. 327. Analytic problems,

33, SHETEOSCOPY  + vttt unnnnenomnsnneenssesamnsnen e ae s e e e e e 139
331. The humdn eve. 332, The scnsation of relief. 333 Deformations in the stereo-
scop'c model. 334, Instructions for orienting photographs for stereoscopic viewing and
for stercoscopic training.  335. The floating mark.

34. The near-vertical photograph ........ e e eaiaa e et m e e, 157
341, Definitions and nomenclatire. 342, Some geometric principles. 343, Tilt dlsplacc-
ment. 3. The effect of tilt on scale. 343, Summary of the effects of tilt. 346. Analytic
problems involving tilt. 347. Application of solid analytic geometry.

35, Tilt determination .....ccceeeiinaecesenssss [P teeen ittt it e, 188
331, The displacement method. 332, The scale point method 333 Olher methods of
tilt determination.



36.

41

43.
44

45,
46,

(23]
(X%

3]
3

)
4

i
o

rr
~1

o
o“w

Lo 85T 1€ T+ U A
361. Condition of sharp definition. 362, Focal length of a rectifier lens.  363. The paral-
lelogram principle. 364, Derivation of formulas. 363, Simplification of the formulas.
366. The use of component angles.  367. Application to the rectifier of the Coast and
Geodetic Survey.

Horizontal and oblique photographs ... oo it e e e e
371. The horizontal photograph.  372. Curvature and refraction.  373. The high oblique
photograph,  374. The low oblique photograyh., 373, The perspective (Canadian) grid.

Cuarter 4—~RADIAL-PLOT PROCEDURES

General ProcedUres . ... ov ittt ittt e e et ey e
411, Preparation of oflice photographs., 412, Determination of the average scale of photo-
graphs. 413, Projection and grid construction.  414. Control station data.  415. Plot-
ting control stations on map manuscripts. 416, Plotting control on base grids or base
projections.

2. Radial-plot assembly of nine-lens photographs with hand templets ......................... .
421. Displacements and distortions on photographs affecting the assembly of radial plots
422. Pass points on nine-lens photographs.  423. Azimuth lines on nine-lens photographs.
424. Hand templets for nine-lens photographs. 425. Assembling the radial plot with
hand templets. .

Radial-plot assembly of single-lens photographs with hand templets ............... PR
431. Correction for paper distortion of single-lens photographs.

Radial-plot assembly of single-lens photographs with mechanical templets ........ e
441. Spider-templet method. 442, 'Slotted—!emplet method. o

Direct radial plotting T S PR

Radial-plot compPletion . ..ouveeut ittt iirenemne ittt ate ottt i
461. Identifying photo (topo) points and photo-hydro points on photographs. 462, Mark-
ing detail points on photographs. 463. Locating points on map manuscripts, 464, Estab-
lishing photogrammetric points for mapping with the Reading Plotter.

CrAPTER 5—MAP MANUSCRIPT DELINEATION
Character of the drafting ..o e s

211, Usc of mstrumemts. 2120 Inks. 313, Leuterng. 214, Symbols und abbreviauons.
Photograph Interpretation .. vveseue i e e tern et ii e e
321. Field inspection for interpretation ol photographs. 522, Stereoscopic obiscrvation ol
aerial photographs,  523. Characteristics of photograpluc detail.
Orientation and adjustment for delineation ... ... .. ... ... .. ... .

£31. Manual orientation and adjustment. 332, Mecchanical orientation and d\ij ustnent.

Lt

Dielineation of map nmm!urlpl« .........................................................
211, General statement. 3420 Delineation of ualongshiore arcas. 543, Delincation of phys-
ical fcatures. 544, Delineation of cultural {features. 345. Delineation of Dboundaries.
316, Delineation of comrol. 347, Tide corrections. 348, Preparation of manuscript for
filing.

Three-point SEXLANE FIXES w.eraearrrnenns it en et e ana e e ot
331. General information. 332, Plotting threc-poin fix posiiions.

Sealing 0f POSIONS & e vuerun vttt ettt n s e et bt
361, Scales. 562, Correction for scale error of the projection.

DiSCrepancy OVETIAY . .uuuuusseeannrernnn e en s et s
371, Preparation of the discrepancy overfay. 372, Discrepancies on shorcline manuscripts.

Photogrammetric office review of the map manuscript and its associated data ...
251, Review of the map manuscript. 382, Review of the discrepancy overlay. 383, Review
of the reports and records.

Map manuscript completion «uv.eesesennuiiiiiii e
501. The procedures of map manuscript compilation.

VI

306

224

298

T~ e

307

316

400

404

405

411



Cuarrer 6.—STEREOSCOPIC PLOTTING INSTRUMENTS

61. Résumé of current INStruments . ......oueouerninoriititete et e s
62. The nine-lens method ... . i e e
621. The nine-lens aerial camera. 622, The transforming printer.  623. The rectifying

> camera. 624, The Reading Plotters,

63, The multiplex PrOJECIOT vt ettt et et e e e e e e e et e e
631, Control for multiplex mapping, 632, Manuscript assembly {rom multiplex com-
pilations.

64, The stereoplanmigraph ... vuiniie ittt e e e e e

Cuarter 7—RECORDS AND REPORTS

71. ‘Records and reports for photogrammetric mapping ..........ovenvnnen. [N e
711, Control records and reports. 712 Photographs. 713. Nautical chart data.
714. Special reports, 715, Map manuscripts and accompanying data. 716, Cost and
progress reports.  717. Statistical data.  718. Season’s report.

72, The Descriptive RePOrt .uuviueuerureeeneneeneeenenneneraenenennereanens e eieannenens

o 721, Sequence of contents. 722. Cover, Form. 504. 723. Data Record,; Form T-1.
724, Field-inspection report. 725. Photogrammetric-plot report. . 726.” Compilation report,
727. Field-edit report. :

CuarterR 8—~WASHINGTON OFFICE REVIEW
- and
COMPLETION

81, General Statement ..........c.iiiuirion ittt e e e caagan s

o 811. Outline of procedures. :

82. Routing and disposal of photogrammetric records ...uvureiiiernrinerieriieieinininensen.s
821. Preliminary. 822, Division files.  823. Photogrammetric records.

83. Office inspection ........ P

84, Washington Office TeVIEW .. inuten ittt ittt it et et n e it taaeasaneen
841, General statement. 842, Map manuscript and descriptive report study. 843, Carto-
graphic comparison. &44. Preparation for smooth drafting. 843. Geographic names.
846. Hydrography, &47. Review report and registration,

83, Smooth drafting and publeation .. ... vttt i e et
851, General statement. 832, Preparationsof reproduction copy. 853, Planimetric maps.
&54. Shoreline surveys. 835, Topographic maps. 836, Verification of drafting. 837,
T'roof edit.

86. Project completion ........vvveniiiiiiiiiiiies, cereens et ereiieeeaas

§7. Records of published maps ...ovevvriiiiiiviniiiiiiii et
871. Record of published maps. 872. Standards. 873. Map indexes.

&3, Map revision ........... e e e e s
881. General statement. 882, Revisions of limited extent. 883, Extensive revisions of
standard accuracy., 884 Iixtensive revisions of less than standard accuracy. 883, New
map manuscripts of less than standard accuracy.

Cuarrer 9—MISCELLANEOUS

01, Coordination of photogrammetric and hydrographic surveys ... ... ... . ... ... ... .. ... .......
011, General statement. 912, Advanwges and hmitations. 913, Procedures. 914, Photo-
hydre siations. 913, Alongshore and offshore features.

G2 TriMetTOGON IIRAPPINE . .\ttt et ettt e o a ettt et e e e e e et e et e ettt e et e
G621, The Wilson photoalidade. 922, Sketehmasters. 923 Thie rectobliyue plotter.

93. The Schneider SICIEOSCOPE .t vv ittt bttt ie it iae et e et sinanereaes

04, Reference BooKS . .ouinir i e e

941, Ground surveys. 942, Photogrammetry.  943. Cariography. 944, Miscellaneous.

Vi1

Page
442
443

461

466

" 470

479

497 .
498

504
505

512.

326

334
535



ILLUSTRATIONS

Figure Page
1.1, Organization chart of 2 large photogrammetric office..................... e 6
1.2, Drafting IStrUmMents ... ...ttt it e e e et e et i i '16
) T € & o 1 U 19
T4 R0t SCAle L e e e 16
1.5 Latitnde and longitude scale. .. ..o e s Ceeieaas 20
16. Beam compassimuse ..., F P 21
1.7. Plywood drawing board ... ... oo e e ceaen 22
18, Utility table for ficdd office U8C. . e . 23
19, FPhotograph rack .o e e 24
130, Plotrinz table ..o e e e 23
1.11. Ratio réﬂcct'mg PTOJECIOT &ttt ettt et ot et e te e e e PPN 26
112, Lens SEer@OSCOPE v et it e e e 27
1330 MITIOr SEETEOSCODPE ...ttt e et ettt et e e et e e e e e e R 28
1.14. Principle of mirror Stere0sCODE. « v ov vt vue it iiinaeaanns e 28
115, Prism e8tere0800DE . .. ottt e e e e e 29
1.16. F 71 Fairchild sterescoPe . ... ..ottt e e et e e 30
1.17. Planimetric map lavout ............ DO DR 2

1.18. Graphic project INdex . ... ... .ottt e ceens 40
1.19. Kev to data stamped on single-lens aerial photographis. ... . ... ... .. . iiiiiian.. 46
1.20. Field photomraph chart ... .o e 48
121, FReld data SEAIMID - oottt ettt e e e e 49
1.22. PBridging with cross flights to control intermediate multiplex strips............ ... ..., .. 55
210 Weather Map ... oot e e e 60
22 K-17 camern with 12400k J0mE . o e 63
23 Fairchild cartographic Camera . .. i e e e e e [£58
24. Inner cone of cartograPhiC CAMCTI. ... ..t it et 63
2.5 K20 camera .. e e o6
2.6, NINe-IeNs CAMEIL . ... oo ettt P R &8
27 Diagram of the nine-lens CamCTi. . ... . e e e e nt
28 NINE-TENS TETATIVE ot ettt et e e e e e e e e e 71
20, Spectral distribution of davhieht. 73
210. T. S. Coast Guard DB-1G airplane No. 7725 o 78
211, Duration of minimum solar altitude. .. ..o e 01
31 Refraction of norav of Hght. oo 101
32 Image formation with a siaple s oo S 162
34 The perspective relation of the various forms ot a photograph. ... .o o0 .
34, Acceptable arrangement of points for determining the approximuate scale of a phowograph.. 111
33 Nomoegraph for determining photomraph seale Jrom a map. oo 112
3.6 The magnitude and direction of relief displacement. ... .. ... ... 113
37 The usual overlapping arrangement of aeriad photographs. oo oo 122
38 The principle of graphic resection as used in radind plotdng. ..o i2R
3.0, The principle of graphic intersection as used i radial plotting ... ..o L S 129
3100 The principle of ubsclute stereoscopie parallax 122
311. How difference in parallax can be measured with dividers.. ... .o . 134
312. The rclation of parallax difference to relief displacement. .. ... ... . .. ... 136
3.13. Horizontal cross section of the right eye. ... i 140

Vil



Figure Page

3.4, Prinaple of stereoscopic photographs. .......... ..ol R S K
315, Taking condition and also the “ideal condition” for viewing... ................ RPN R S 8
3.16. Deformation caused by @ shortened eve basc... ... ... i 3
3.17. Deformation caused by an increase in viewing distance........ ... .. oo 140
318, Deformation caused by a lateral movement of theeves.. ... .. ... ... ... L 147
3.19. Deformution caused by a separation of phiotographs. ... ... ... ... .. L 148
320. Effect of eve base not being parallel to azimuth line. ... .......... PR 149
3.21. Condition in taking egqually tilted photographs..... ... B £
322, Deformation caused by equal tilt or by unequal flving height. ... ... oo 149
3.23. Deformation caused by vnequal Gt o .ooooo L e e oo 130
324, Stereograms ........c.. ... ... AP, S P 153
3.23. Stereogram made from a pair of aerial photographs... ........ ... ... ... e, 154
3.26. The principle of the “foating mark”. ... .. o 156
3.27. Stereogram showing “floating marks”. .. ... .. e oo 136
3.28. Nomenclature of the near-vertical photograph. ...... ... .. .. . ... il s 158
3.29. Geometry of the near-vertical photograph.......... R e e e Lo 139
330, The inclination of any Jne. ... o 162
331, The amount of tilt displacement. .. .. ... . e 165
3420 LEidect of ult »nd relicd on radial Hnes o oo o0 168
333, Example of combined tilt and relief displacements........ .. . ... . oo . 169
3.34. The scalc at any image ................ e FR I 170
3.35. Scale POINt COMSITHCUON L\t vt ettt e e e e e R e . 172
3.36. Analvtic geometry of the tilted photograph.....o...ooo oo e P 175

3.37. Coordinate trans{ormation

........................................................... 177

338, Nadir point relations oot 180
3.39. Solid analvtic geometry of the aerial photograph. ..o o 0 o J!
340, Sketch chowing typical di-placement pattern due to tilt, scale, and moderate relief.......... 190
341 Example of scale pomt method of tilt determmntion. ... oo o 193
3420 Tlements of vectification ... .. o 2060
345 The Schempilag comdition ... o .. e 202
344 The focal Jength of o rectifier Tens. oo oo 203
335 The paradiclooram princwde 0 00 Lo L A {5
346, Theoretical and practical reCUBCalIon .. o 206
347, Constants of e tran~[OImung PIrUCT. ot e e i e 212
348, Gambal mechmnism of the reevnfier of the Const and Gendetic Survev. ..o 0 . ... 214
3400 Relavons of component Gl angles. .o e TR 214
Podisolacenment compater. e 217
Graph of the ens sctungs o0 e AP 220
Grapl of the Huear settines of caseloo oo 0000 L 220
Graph of the aneulnr settings. o o0 00 e R 221
Graph of rections to the Y-setlings. ..o oo P 222
Nomogram for determining the position of the nadir pomi after rectification. ... ... ... .. 223
326, The Witkson photoalidade ... ... S 225
2770 Geometry of the horizenwd photographio oo AU P 226
3300 Graphie deternianation of horizontal and vertical ancies (o an object using a horizontal
DhOLOETRDT 227
3.20. Graphic determination of clevation difference. ... .. ... Y 228
300, Geometry of the high eblique photomragh. .o oo 0o 23R



Figure

3.61. Horizontal and vertical angles from an oblique photograph.......

3.62. Horizontal angle trom an oblique rhotograph. ... .. . . o

363, Vertical angle from an oblique photograpii. ..o o o e

364 Adjustment of the horizon line.. . .. . .

3.63. Construction of the perspective orid. .. . . .

3.66. Theory of the perspective orid. ...

410 A mine-lens photograpll ..o e

4.2, Identification cards for a trianzulation stadon amil a snbsdae sationa oo L

43, Prelimmary plot for determining average scale of photographs. oo oo o oo

44a. The projection and the orids on G man MGRECIIRL v e oo 271
Lah0 Full size derai] of the projection and the orids on oomap manuEeninpto L 272
4.3 Form M-Z208-120 Comernld Nt e 273
L Plovtine b e e doe o0 A, 277
4.7 Graph fer determumng the distance from the principad point to

4.8 The distribirion nf pass po'nrs for the radial-plot assen

iens photographs .. 283
49, The disiribution of pass points on two nine-iens photooryg
03 (o U O 283

410. Carrving azimuths forward with substitute centers pricked in the direction of the azimuths 286

411, Carrying azimuths forward wirth substitute centers normal to the azimuths ... ... . .. 286,
120 Calibration templet o .o 287
F 13 P lotting HCM Dot L 288
4.14.  Final radial-plot assembly for a map manuseript. .. ... ... e 204
415, Map manuscript with pass points and radial centers. ... i 265
+.16a. Master templet—camera “O7 ... e 267
4.16b. Master templet—ratio PrInts Only . ..vo it et e e 297
4.17. Spider-templet parts and the tools for their assembly.... .. ... ... ... .. ... 300
418, Assembled spider templet ... 301
4.19. Radial-plot assembly with spider templets. ... ... ... ..o 302
4200 A slotted templet . 304
421, Radial-plot assembly with slotted templets. . ... .ot 306
422, The selection of detail points........... f e e e E e e e 312
5.1.  Coast and Geodetic Survey freehand lettering for use on map manuscripts.............. . 319
5.2.  The correct and incorrect shadow orientation of a pair of photographs................ ... 2
5.3,  Manual orientation and adjustment for delineation........... ... ool 327
54. Orientation of lettering 330
5.3. Placement of lettering 337
S.6a. Alongshore physical features on a shoreline manuscript 340
5.6b. Alongshore physical features on a planimetric or topographic manuscript. ............... .34
5.7.  Planes of reference for racks. ... .. ... e 346
58 HaOMUIES .o e e e . 362
59. Displacement of a building along arond. ... .. 373
5.10. The subdivision of 24-mile tracts into townships. ... ...l i 383
5.10a. Diagram of a township illustrating the method of numbering sections. .................... 383
SIL An original COTIIer .« . i 30Q
502, AN acCeDted COTICT ..ot K AN
5.13. Township and range designations. ... .. e 200
314, A monumented bench mark., ... . ..o 393

X



Figure Puze
313, A monumented vertienl angle benchmark. oo oo o 3G3
316, A non-monumented bench mark. o 356
3170 Tadal bench ks, 306
5318, Form M=2617-12. Tide Computation. .. ... S
3190 The Sylar-Lockerbie scale. oo o e 403
320, Form T-2, pholourammietric GRS TeVICW . vttt et et 406
220 Sembels and abbrevintions oo e 14
3220 Symbols and abbreviaiions oo P 113
523 Svmhols and abbreviations .. R o 410
224 Symbols and abbrevintions ..o o 17
325, Svmbols and abbreviallons Cooo 41N
326, Svmbols and abbreviathons oo ES g
Svmibols and abbrovictons o . e 420)

; and abbreviations e 421

320 ard abroviations oL e e 422
3.30. andd abbreviatlons ..o 423
3310 Symbols and abbreviations ..o 424
3.32. Symbols and abbreviations ... .. L 425
3330 Symhols and abbrovictions .. e Lo 426
3.3+ Symbols and abbreviations ... 427
3.33. Symbels and abbreviations ..o 428
3360 Symbols and abbroviations . 420
337, Symbols and abbreviations ... .30
538, Symbols and abbreviations (..o 431
539. Symbols and abbreviations ... ... 432
540. Symbols and abbreviations . ... .. 433
541, Symbols and abbreviations ... 434
542. Symbols and abbreviations ... ... 435
543. Symbols and abbreviations . .......eee it 436
5.44. Symbols and abbreviations ... 437
545. Symbols and abbreviations . ... ... 438
5.46. Symbols and abbreviations ........ e B S 439
547, Symbols and abbreviations .. ... ..o rei st 440
5.48. Lettering and symbol guide ................ P P 441
6.1 Diagram of the transforming printer. ... .. ... .. i i 447
0.2,  The rectifying Camera ....voovrvvivneonenieierernrinn s, e e e e 450
6.3. Reading Plotter, Model A. ... . . . 452
64. Elevation-parallax generator mechanism ............ ... ... . oo, [ 1.7 ]
6.5. The stereoscope-pantograph mechanism ... ... ... .. . ... 454
6.6. Reading Plotter, Model B. .. ... . 436
6.7, Multiplex apParatls ... 462
6.8.  Stereoplanigraph .. ... 167
7.1.  Form 504, Descriptive Report Cover. ... ..o oo v i 483
72, Torm T-1, Data Record. .. o 483
9.1.  Relative arrangement of trimetrogon cameras........................ e 326
02. Relative arrangement of trimetrogon photographs.............. e e 527
03, Ttilized coverage of trimetrogon photographs. ..o e e 327
94, Principle of a sketchmaster. . oo 330



Figtire Page
03 Vertical sketehmaster ... .. e B R
06, Oblique <ketchmaster .......... ... ... ... . .......... BN PP 332
9.7.  The rectoblique plotter ...................... e e e 533
98 The Schneider S1ereascope ... . 334

operations for photogram-

......... Kig!
14 Classification of control . . .0 e RS
2.1, Nine-lens camera data ... . ... ..... e e R S a7
22 Nine-lens phetograph coveraze dita. o 0 R, . 67
23,  Pressure-altitude equivalents ........ ... .ol R P .. 83
3.1 Elevation corrections for curvature and refraction. ... ... . o e e S 233
3.2, Elevation corrections for curvature and refraction. ............. e 233
3.3.  The dip of the apparent horizon. .. ... P P 234
3.4, Depression of the shoreline at different distances from the camera . ... . P 237
41 Scale factors ......... .. ... P e 263
42, Projection and grid-line intervals ......... e R, 270
4.3, Tolerable combinations of tilt with relict and scale .00 L. B F 242
S Tolerance equivalents ..o 231
71 Recordsand Reports ... ... ... ... ... ... TR 471

XII



Topographic Manual
PART II

CHAPTER 1. PRELIMINARY OFFICE PROCEDURES
11. GENERAL STATEMENT

Long before the development of the airplane made it practicable to obtain suitable
aerial photographs, a highly efficient syvstem of combined operations for coastal surveys
had been evolved in which the planetable furnished the positions of alongshore hydro-
graphic signals as well as large-scale surveys of the shorcline and the adjacent topography
needed on the nautical charts.

In 1891, R. M. Bache, an officer of the Coast and Geodetic Survev, advocated the use
of a captive balloon for photographic survevs of the coast. His recommendation was justly
rejected by a committee appointed to study it, because the cost of taking the photographs
and reducing them to maps would have been considerably greater than the efficient plane-
table methods then used.

Officers of the Coast and Geodetic Survey did use terrestrial photographic survey
methods with success on the Alaska-Canada boundary surveys in 1894. These methods
proved of great value in the mountainous area where weather limited the field season.

The us. of zerial photographs in map revision in World War I was followed with
much interest, and in 1918-19 a study was made of photographs of Atlantic City, New
Jersey, taken by the Army Air Service. From these studies it was concluded that the
photographs would require rectification or restitution based on a dense ground control in
order to meet the accuracy requirements of the Coast and Geodetic Survey, but that the
photographs would be very valuable for areas of much detail, such as cities and harhors,
and for revision surveys. Later in 1919, the Navy, at the request of this Bureau, took
experimental photographs of the waters adjacent to Key West, Florida, with the hope that
coral heads, shoals, and dangers to navigation would be visible on them, and could, perhaps,
be located through their use. Although some of the shoals were visible on the photographs,
others were not. It was concluded that photographs could not he depended on for this
purpose, except in very shallow waters,

In 1920, a strip of photographs of the New Jersey coast from Cape May to Sandy Hook
was taken by the Army Air Service. These photographs were used with marked economy
and efficiency in revising the 1:80,000-scale coast charts. The chart of Annapolis, Mary-
land, also, was revised from photographs taken hv the Naval Air Service.

The Navy photographed the Mississippi Delta for the Coast and Geodetic Survey in
1921-22. The resulting maps were much more complete and satisfactory than could have
been made bv ground surveys without exorbitant cost. This project 1s described in Special
Publication No. 105, Aerial Survey of the Mississippi Delta.
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In 1923, the Navy also photographed the shorcline of Lake Okeechiobee, Ilorida.
This project was satisfactorily completed, Hut, hecause of difficulties in scheduling the
photography with the ground surveys, did not prove economical as a combined-operations
project.

The Armyv Air Corps in 1927282 photographed the east coast of Florida and the Ton
Thousand Islands on the southwest coast of Florida, uzing three-lens and four-lens camerns.
Planimetric maps, compiled from these phoregraphs be radial-line methods, were ropro-
duced by photolithography.  This proved o0 officient and satisfactory that air photngraphic
surveving operations have been continuous since then.

Experimental survevs indicared thar mudti-lens cameras would meer the exacting
standards of accuracy required for coastal survevs with considerably less control than
single-lens cameras. A nine-lens camera, specially designed for Coast and Geodetic Survey
requirements by O, S0 Reading, was buiit by the Fairchild Aerial Camera Corporation in
1933, A rectifving cameraand the Reading Plorier for the nine-lens photographs have heen
buile since then. The Coast and Geoderic Survey Is also using a precision wide-angle single-
lens camera and muliiplex plotting equipment.  Comparative surveys with both types of
equipment are now in progress.

The following waps and charts are produced by the Coast and Geodetic Survey in
their entirety, or in part, irom single-lens and multi-lens aerial photographs: {a) planimerric
and (2} topographic maps. (¢ atrport obstruction plans, and {d+ acronautical instrument
approach and landing charts. Aerial photographs are also uscd for the periodic revision of
nautical and aeronautical charts and for triangulation reconnaissance.

Aerial photographs are used by the Government and private industry as a basis for
the construction of many special-purpose maps, such as those for the assessment of county
and city taxes; for soil conservation and crop rotation; for transcontinental and local
highway planning; for transcontinental pipe, telephone, and power line layouts; for timber
inventory; for geological purposes; for war needs; and for various types of reconnaissance.

12. REQUIREMENTS FOR‘ MAP ACCURACY

Certain standards of map accuracy have been established for maps published by
agencies of the Federal Government. These standards of accuracy have been prepared
by representatives of the various departments and approved by the Chief Examiner, Survey-
ing and Mapping, Bureau of the Budget. It is required by the Coast and Geodetic Survey
that topographic maps, planimetric maps, and shoreline surveys produced by it meet these
standards.

In addition to the National Standards of Map Accuracy, the Coast and Geodetic Survey
has established 1ts own requirements for the horizontel accuracy of topographic maps,
planimetric maps, and shoreline surveys as regards alongshore features,

121. NaTioNAL Stanparps oF Map Accuricy

1. Horizontal accuracy.~For maps published at scales larger than 1:20,000, not more
than 10 percent of the points tested shall be in error by more than 1/30 inch, measurec at
the publication scale; for maps published at scales of 1:20,000 or smaller, this tolerance is
1/30 inch. (See table 1.1.) These limits of accuracy shall apply in all cases to positions
of well-defined points only. Well-defined poiuts are those that are easily visible or recover-
able on the ground, as the following: monuments or markers, such as bench marks and
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property boundasy monuments; intersections of roads, railroads, etc.; corners of large
buildings or structures (or center points of small buildings); ete. In general what is
well-defined 15 also determined by what can be plotted at the scale of the map within
1/100 inch. Thus while the intersection of two road or property lines mecting at right
angles would come within a sensible Interpretation, identification of the intersection of
such lines meeting at an acute angle would obviously not he practicable within 1/100 inch.
Similarly, features not identifiable on the ground within these limits are not to be con-
sidered as test points within the limits quoted, even though their peositions may he scaled
closely upon the map. In this class would he mcluded timber lines, soil houndaries, etc.

2. Iertical accuracy, as applied to contour maps at all publication scales, shall be
such that not more than 10 percent of the elevations tested shall be in error more than
one-half the contour interval. In checking elevations taken from the map, the apparent
vertical error may be decrenserd b assuming a herizontz! displacement within the permis-
stiie hiorizontal error for @ map of thar scale,

3. The accuracy of any map mav be tested by comparing the pusitions or elevations of
points on 1t with corresponding positons or elevations determined by a survey of higher
accuracy. Tests shall be made by the producing agency, which shall also determine which
of 1ts maps are to be tested and the extent of such testing.

4. Published maps meeting these accuracy requirements shall note this fact in their
legends as fellows: “This map complics with the National Standards of Map Accuracy
requirements.”

5. Published maps whose errors exceed those aforestated shall omit from their legends
all mention of standard accuracy.,

6. When a published map 15 a considerable enlargement of a map drawing {manu-
script) or of a published map, that fact shall be stated in the legend; for example, “This
map is an enlargement of a 1:20,000-scale map drawing,” or “This map is an enlargement
of a 1:24,000-scale published map.”

7. To facilitate ready interchange and use of basic information for map construction
among all Federal map making agencies, manuscript maps and published maps, wherever
economically feasible and consistent with the uses to which the map is 1o be put, shall
conform to latitude and longitude boundaries, being 15 minutes of latitude and longitude, or
714 minutes, or 334 minutes in size.

122, Coast AND GEODETIC SURVEY MAP AcCCURACY

All photo (topo) stations, including landmarks, fixed aids to navigation, etc., shall he
located within 0.3 mm. (0.01 inch) of the correct geographic position as nieasured on the
manuscript. All photo-hydro stations and well-defined points of detail shall be located within
0.5 mm. (0.02 inch; of the correct geographic position as measured on the manuscript.
Well-defined points are those which are easily visible or recoverable on the graund, and
shall include parts of features, such as corners of piers, pinnacle rocks, etc.

In the special case where multiplex compilation is at some scale larger than 1:10,000 for
reduction to a 1:10,000-scale manuscript, the final manuscript scale shall control the accu-
racy specifications.  \Where a manuscript is compiled at 1:10,000 to furnish shoreline
features at 1:10,600 and is compiled for further reductions to furnish topographic features
at a scale smaller than 1:10,000, the accuracy specifications for alongshore features sheii
apply at the larger scale, that is, 1:10,000.
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Horizontal accuracy requirements for interior features on planimetric manuscripts,
topographic manuscriprs, and shoreline survevs shall conform to the National Standards of
Map Accuracy.  In this case, the accuracy requirements refer to the published scale and
not the manuscript scale.

No point shall be more than 2.0 mm. (0.073 inch) from its true geographic position.

The vertical accuracy of topographic maps, planimetric maps, and shoreline survevs
as regards alongshore features, Le., heights of rocks, bridge clearances, cte., 15 that the
heights of rocks shall be correct to the nearest foot, local conditions permitting, and that
clearances of bridges up to 30 feet shall be correct within 1 foot or within two percent for
clearances greater than 30 feet.

Vertical accuracy as applied to land elevations and contouring shall conform to the
National Standards of Map Accuracy.

13. OUTLINE OF OPERATIONS

Field offices where topographic and planimetric maps are compﬂed from qernl photo-

'

graphs by graphic methods or on stereoscopic struments, using the resulis of phean-
grammetric field surveys, are calied photogrammetric field offices.  In this manual they are
termed simply photogrammetric offices. The persen in charge of such an office 13 the
Officer-in-Charge.

Photogrammetric field surveys include all the field operations necessary for the
production of topographic and planimetric maps, among which are the horizontal and
vertical control surveys, field inspection of aerial photographs, and field edit after compila-
tion. In this manual parties making such field surveys are referred to simply as field
parties, and the offices of such field parties are called field offices. The person in charge of a
field party is the Chief of Party. The subparties, each of which is composed of several
surveying units, are supervised and their work is coordinated by the field supervisor. A
subparty chief is in charge of each subparty, and a unit chief is in charge of each survey-
ing unit.

The operations performed at a photogrammetric office vary with the permanence and
the size of the office, but are the same for similar methods of compilation.

Permanent photogrammetric offices are staffed and equipped to handle the office com-
pilation of any assigned project.

Temporary photogrammetric offices are often organized for one definite project, and
are staffed and equipped with a view to the completion of that project within an estimated
period. These temporary photogrammetric offices are often combined field and photogram-
metric offices in that both the field surveys and the office compilation are done by one party.

Whatever the party organization is, close coordination of field surveys and office
compilation is essential,

131. PuHoToGRAMMETRIC OFFICE ORGANIZATION

The organization of photogrammetric offices cannot be standardized because of varying
conditions, but experience has proved some general features of organization to be very
advantageous.

In small photogrammetric offices with not more than 15 employees there should be one
supervisor-in-charge to assist the Officer-in-Charge. Besides administering the affairs of
such an office, the Officer-in-Charge personally plans and supervises its work. Such small

R3I7A82°w-30~2
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offices should be staffed with perconnel proficient in all phases of office procedure except

for the phase dealing with stereoscopic mapping. The importance of individun! versatility
cannot be overemphasized. To obtain this versatility, the average grade of the employees
will tend to be somewhat higher than in larger offices which contain several sections with
procedures similar to assembly-line production. This does not imply that empiovees should
review each other’s work—on the contrary, the review should be done by the Ofmcer-in-
Charge or the supervisor-in-charge, possibly with the assistance of one experienced and
competent photogrammetrist,

Figure 1.1 is an organization chart of a large office. The small volume and uneven
flow of data do not warrant separate radial-plot and review sectious in a small office,

! OFFITIRN.CHARGE

! |

RADIAL-PLOT STEREOSCOPIT i ; GRAPHIC COMPILATION P PR H
SECTION MAPPING SECTION | | SECTION ) ;

i
i

SUPERVISOR SUPERVISOR SUPERVISOR SUPERVISOR
. —_—_—

L PERSONNEL ] l PERSONNEL J H PERSONNEL 1 PERSONNEL i

L ' INTERGHANGE OF f J

COMPETENT PERSONNEL

Ficurs 1.1.—Qrganization chart of a large photogrammetric office.

1311, Supervision by the Qfficer-in-Charge

The Officer-in-Charge shall supervise and correlate the work of his office. The
administration of his office and its coordination with field parties are his full responsibility.
By personal inspection he shall assure himself that the sections of his office are performing
their operations in accordance with the requirements of the various manuals and the
project instructions, Final decisions as to the adequacy of existing control, the location
of new control, the limits of the various radial plots, and the selection of the working scale
are made by him. Intimate knowledge of the instructions, requirements, and methods are
necessary for efficient and harmonious office operations. He should frequently examine all
phases of the work of each section, and, if at all practicable, inspect each radial plor and
each stereoscopic instrument plot in its final stage. He should be qualified to review the
completed map manuscripts, and his partial review of a selected number of them is recom-
mended. He approves a completed map manuscript and its associated data by his signature
in the corresponding Descriptive Report,
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The Officer-in-Charge should plan the work of the office so that commitments are con-
pleted on time, so that all assignments are taken up as soon as the field data are received, so
that no partly completed map manuscripts are laid aside, and so that there is a steady flow
of results to the Washington Office.  All general instructions issued by him should be in
writing to avoid confusion and contradictory oral instructions from supervisors.

1312. Supervisor-in-Charge

The supervisor-in-charge is the technical assistant to the Ofhcer-in-Charge. He is
responsible fur the work and for the assembling of all available control data, prior surveys
and local survevs, photographs, diapositives, base grids or projections, map grids or niro-
jections, and other information.

With the supervisors of the radial-plot and the stereoscopic mapping sections he shall
plan the radial and stereoscopic instrument plots and shall approve rheir final adjustments.
He shall make daily inspections of each section's work and keep himself so informed that
he can substiture for any section supervisor without advance notice.  Frequent inspections
should be made of each emplovee’s work. All incoming and outgoing map manuscripts,
reports, and related material shall have his approval.

The successful coordination between field parties and the photogrammetric office
depends, to a great extent, on the supervisor-in-charge. He can arrange, or rearrange, office
production and procedure to give the greatest possible assistance to the field parties.

1313. Administrative Assistant and Clerical Force

Photogrammetric offices require an administrative assistant who shall relieve the
Officer-in-Charge and the supervisor-in-charge of minor administrative matters so that they
can devote their full energy to the technical management of the photogrammetric office.

The administrative assistant shall take care of the accounts and routine correspondence,
reports, and records, shall purchase the supplies, and shall do any other routine duties that

“may be delegated to him by the Officer-in-Charge or the supervisor-in-charge. Technical
reports and records written or compiled by the various sections shall be typed and prepared
by him for transmittal to the Washington Office.

Large offices require clerical assistants who have their work assigned and supervised
by the administrative assistant.

1314. Radial-Plot Section

The basic accuracy of the map manuscripts produced in a photogrammetric office by
graphic methods is the responsibility of the radial-plot section—that is, assuming that the
field surveys are complete and accurate within plotting limitations. To attain this accuracy,
the radial-plot section must comply with the requirements of this manual; the supervisor
must be competent ; and the personnel must be trained to do accurate work. The personnel
should be experienced compilers or experienced field topographers so that each employee
fully realizes and appreciates the importance of this phase of the work. This is definitely
not the section for new emplovees or for those unaccustomed to using photographs in
mapping.

When the personnel of this section is insufficient for the work on hand, the most
competent personnel should be transferred temporarily from the graphic compilation or
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review sections; conversely, the personnel of the radial-plot scction should be sufficientl:
competent so that in slack times they can be transferred temporarily to the graphic compila-
tion or review Sections.

A, SUPERVISOR OF RADIAL-PLOT SECTION
The duties and responsibilitics of the supervisor of the radind-plot sectinn are as follows:

(ay The basic accuracy of all the products of this sectinn.

(b) The construction and maintenance of indexes of photographs and control

(c) The study of existing control.

(d) The determination ol the seale of the plistographs.

(¢} All procedures cunnected with plotiing the control un e map projections or grids.
(/) Comontations.

(a) The preparation of the required reports.

() The availability of controlled map manuscripts when needed for delineation

(1) The supervision and functioning of this section.

The supervisor shall neuty the supervisor-in-charge of any additional control require-
ments, the adequacy and accuracy of related held surveys, the working scale, and the area of
radial plots; and shall report any personnel problems that arise.

B. PLRSONNEL

The personnel of this section must be thoroughly trained in all phases of photograph
preparation and the procedures for laving and adjusting the radial plots, and must be
imbued with the requirements ior exactness in all phases of the work. In addition, they
must have at least a general understanding of photogrammetric field survevs and a thorough
knowledge of compilation. They should be proficient in the use of stercoscopes, accurate
and neat in all operations, and have personal pride in the results.  They should systemati-
cally use the filing svstems set up for the numerous control data, field data, and phorographs
in use; this will avoid data being mislaid and perhaps lost, and will certainly save time.

The many and varied duties of the personnel of this section are as follows:

(a) Sorting, inspecting, and indexing photographs.

(b) Checking the completeness of existing control data.

{c) Indexing control data.

(d) Preparing photographs.

(¢) Determining the scale of the photographs,

(f) Constructing map manuscripts after the receipt of the map projections and grids.

(g) Constructing templets.

(h) Laying radial plots. ‘

(/) Transferring photogrammetric points determined by the radial plot.

(/) Locating photo (topo) peints, photo-hydro points, and such essential detail points as the super-
visor may direct.

(k) Checking the agreement of photogrammetric points on adjoining map manuscripts.

(1) Recording data for Descriptive Reports.

() Computing. .

(n) Continuous filing of source material,

1313, Stereoscopic Mapping Section

There are several different kinds of stereoscopic mapping instruments used by the
Coast and Geodetic Survey for the compilation of maps from aerial photographs.
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The stereoscopic mapping section compiles maps with one or several different kinds of
mnstruments. The accuracy of mapping with these instruments depends on the kind used,
the aerial camera, the character of the photography, the base-altitude ratio, the character of
the terrain, the photographic materials, the character of the control, and the ability of the
operator.

It 15 the respousibility of this section to determine the adequacy of the supplied photo-
graphic materials and the adequacy of the control, and to ascertain that the persounel are
properly trained.

The function of this section 13 the operatiom of the instruments assigned for the accurate
determination of photogrammetric points, hypsometry, or planimetry trom aerial photo-
graphs and for the drawing and inking of this information. The extent and detail of this
procedure shall be according to the project instructions for either planimetric, topographic,
or shoreline manuseripts, and each shall comply with the requirements ¢f this manual for
its own kind and scale.

A. SUPERVISOR OF STEREOSCOPIC MAPPING SECTION

The supervisor of the stereoscopic mapping section directly supervises and assists the
personnel in the orientation and adjustment of the photography to the horizontal and
vertical control and approves the final adjustment prior to the plotting of plotogranimetric
points, hvpsometry, or planimetry.  He is responsible for the mechanical care of the
instruments in his section and for the testing and training of adaptable personnel to operate
these instruments, to nuerpret photographs, and to complete the map manuscripes or required
photogranmuetric information. It is his responsibility to see that these operations are carried
out according to the project instructions and the requirements of this manual,

B. PERSONNEL

The personnel in this section operate the stereoscopic mapping instruments and
therefore must have good stereoscopic vision. Personnel of other sections with satisfactory
stereoscopic vision should be given the opportunity to train to become operators of these
instruments, They must develop acute stereoscopic vision and be able to apply this to the
accurate determination of clevation differences from photographs. These operators must be |
proficient in photograph interpretation and map delineation, accurate in all operations, and
famtiliar with the project instructions; and should be familiar with the special needs and
practices of the Coast and Geodetic Survey regarding shoreline, hydrographic, and aero-
nautical details.

The many duties of the personnel of this section pertaining to stereoscopic mapping
instruments are as follows:

(a) All procedures connected with the construction of quadrangle manuscripts, including the
plotting of control, after the receipt of the projections from the Washington Office.

(b) All procedures connected with the transfer of control t¢ the instrument sheets.

{c) The mechanical operation of these instruments.

(d) The adjustment and orientation of photographs to the horizontal and vertical control.

() The plotting of photogrammetric contrel.

(f) The drawing of planimetry and hypsometry from photographs.

(g) The assembly and inking on quadrangle manuscripts of the information that has been plotted
and drawn.

(1) The upkeep of the indexes within this section.
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1316. Graphic Compilation Scction

The accuracy of a completed map manuascript cannot, as a rule, be better than the
basic accuracy of the radial plot. In fact, unless the photographs are used with proper
care, accuracy, and understanding, thiz hasic accurney will be reduced. This iz net neces-

sarily due to errors or carelessness in delineation, but is often due 10 the nece

sity of shightly

displacing certain tupographic features in order to show them legibly.
function of this section is the transfer of the selected topagraphic features ar

The function of this section the transfer of the selected topagraphic features and

information from the photographs to the map manuscrivts, The extent and detail of this

1
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or shoreline manuscripts, and each shall comply with the requirements of ths nanual for s

own type and scale.

A, SUPERVISOR OF CRAPHIC COMPILATION SECTION

The supervisor is responsible for the delineation in his section—for its accuracy, com-
pleteness of detail, and symbol usage. By constant supervision he shall assure himself that
this delineation complies with project instructions. the special needs and vractices of the

Bureau, and the requirements of this manual.  His other duties are as follows

(a) Training new persouncl in the geometry of aerial photagraphs, in compiling orecedures, and
indrafting techmues.

(b) Training, advising, and assistine persannel in the inte

(¢) Instructing personnel in the particular needs of the Cnast and Geodetic
required hydrographic and aeronauiical information, nautical and aeronautical chart pracuces, and
shoreline detail.

{d) Training personnel in the importance and use of stereoscopes and the identification and transfer
of photo (topo) points, photo-hydro points, and detail points.

(¢) Training, advising, and assisting in map delincation.

(f) Assigning map manuscripts.

(g) Seeing that ficld photographs and related data are used to the fullest degree.

(h) Observing that proper notations and discrepancy overlays are kept by each compiler.

(i) Supervising the writing of Deseriptive Reports.

(7) Supervising corrections resulting from the review.

wetation of photovraphs
Surver rezarding the

Since the new personnel of the office are assigned to this section, various problems will
arise. Personal knowledge of the competency, attitude, and progress of each compiler will be
advantageous to the Officer-in-Charge.

B. PERSONNEL

The graphic compilation section is composed of employees with varving degrees of
experience and training—irom new employees who require constant supervision to expe-
rienced photogrammetrists who require little supervision. Even experienced draftsmen who
have not used permanent plastic ink on plastic sheeting are at first apt to be discouraged;
therefore, hecause drafting is such a necessary and an important step in the compilation of
map manuscripts, the compiler must be skilled in the use of small drafting instruments.

Inasmuch as most of the information to be delineated is taken from photographs, it is
imperative that the compilers know the characteristics of aerial photographs and hecome
proficient in their interpretation. In order to complete map manuscripts efficiently, the
compilers must also he skilled in the use of metal protractors, stercoscopes, projectars, and
precision pantographs; must e thoroughly familiar with the project instructions and the
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special needs and practices of the Coast and Geodetic Survey regarding shoreline, hydro-
graphic, and aeronautical details; and must know how to delincate accurately,

The personnel of this section do the assigned compiling, including topographic, plani-
metrie, and shoreline manuseripts as well as the miscellaneous drafting needed in an office
of this type. A discrepancy overlay is kept continuously during the delineation of each map
manuscript, and notes are kept on which the written Descriptive Report 1s based,  After
exch map manuscript and its Descriptive Report have been reviewed, the map manuscript
shall be corrected item by item by the original compiler so that he may note and thereafter
avoid repeated errors and omissions.

1317. Revieze Section

Even though supervision and accumulated photogrammetric experience do increase
quality, map manuscripts need to be reviewed, The purpose of the review is to ensure that
the map manuseript is complete, accurate, neat, legible, and complies with the project instruc-
tions and the requirements of this manual; that the discrepancies have been properly noted ;
and that the Descriptive Report is complete and satisfactorily explains any questionable
areas, data, or unusual methods used. After the reviewer huas approved the Descriptive
Report, the completed map manuscript and all its associated data and reports are ready
for the approval of the Officer-in-Charge hefore being forwarded to the Washington Office.

A. SUPERVISOR OF REVIEW SECTION

The supervisor of the review section is responsible for the review of the map manu-
seripts and the accompanying reports and data. He should supervise this section so that
any criticism resulting from the reviews is made diplomatically, to the end that his section
is regarded by the personnel of the stereoscopic mapping and graphic compilation sections
as an aid to them through their supervisor. Tactless and unintelligent handling of reviews
can cause tension and anxiety among the stereoscopic instrument operators and the com-
pilers.

The supervisor shall have full knowledge of the project instructions, the requirements
of this manual, and the special practices of the Coast and Geodetic Survey regarding
shoreline, hydrographic, and acronautical information. Also, he must be intimately familiar
with photograph usage and field data. With this knowledge and with judgment in the
use of accuracy and reproduction tolerances, he will keep a steady flow of completed map
manuscripts on their way to the Washington Office,

B. PERSONNEL

The personnel of the review section should be sufficiently numerous to avoid any
accumulation of unreviewed map manuscripts. After a map manuscript has been com-
pleted in the stereoscopic mapping section or the graphic compilation section, its review
should be taken up and completed without any unnecessary delay. When necessary, com-
petent photogrammetrists from other sections can be temporarily transferred to this section
to keep the reviews current,

This personnel shall make an impersonal review of the map manuscripts, the Descrip-
tive Reports, and all accompanyving data. A review overlay indicating errors and omissions
1s to be prepared for each map manuscript.



12 T. & COAST AND GEODETIC SURVEY

132. PHOTOGRAMMETRIC OIFFICE

The selection of quarters for a photogrammetric office 1s important for the morale and
efficiency of the emplovees and the quality of their work. If possible, the office should be
located in a federal building : otherwise, rented space is the alternative.  In federal huildings
janitor service, heat, lighr, and swater are usually furnished, These same accommodations
and the required garage space should De included in the lease for any rented quarters, if
practicable.

The office should be located in an area free from industrial dirt and smoke. with
access to tramsportation and restaurants, North frenoge 1sothe most desirable, as it
permits the natural light to penetrate deeply mte the rooms witheur allowing direct sun-
light on the drafting tables. There should be no nearby tall buildings to decrease the
natural light.

The quarters required for a photogrammetric office are determined by its size and
organization. If field surveys are a part of the duties of the organization or if field parties
use the quarters, their needs should be considered. Tt is difficult for them to operate
freely from an office located in the heart »f 2 ¢t

The layout of a photogrammetric office will depend on the available space. The work
should be arranged functionally, with the emplovees of each section grouped together and
the several sections organized according to the flow of work. Provision should he made for
a dark room, a work shop, a stock room, and administrative offices as are required to meet
the needs of the office. FEither air conditioning or humidifving equipment to decrease dimen-
sional change in the photographs and the various sheetings is desirable.

The photogrammetric office should have such facilities and be so equipped that the
individual emplovee does not work under strain, thus reducing to a minimum the com-
plaints about the physical plant and its equipment. Every etfort should be made to secure
adequate ventilation and sanitary drinking and toilet facilities. The quarters must be heated
properly by equipment of sufficient capacity. Many man-hours have been lost in *
climates because of inadequate heating systems. Drafty buildings of cheap open construc-
tion should be avoided. Efficient photogrammetric work cannot be done by employees
who are cold or physically uncomfortable. A svstem of indirect lighting or fluorescent
lamps which will eliminate shadows and give near-daviight conditions is needed to supple-
ment natural light on dull gray days and at night. This is important so that work can
be continued without interruption during the day or during night shifts, which are some-
times necessary. Any electric company has a specialist who will be glad to aid in solving
lighting problems. With modern developments improperly lighted photogrammetric
quarters are inexcusable. Because of the amount of electric equipment used, three-phase
current should be available. Several electric outlets are necessary for each multiplex unit,
and each photogrammetrist needs at least one outlet that can be connected to his table.

Security shall be provided for classified marerial, such as photographs, plans, and

‘warm”

maps. Ample storage space is needed for field instrumnents, working tools, and equipment
connected with the office.  Space for the storage of skiffs, outhoard motors, small hoat
equipment, stadia rods, and similar equipment should be ‘on the ground floor.

Since photogrammetric parties cannot operate efficiently without proper transportation
for their field and administrative work, garage facilities for the automotive equipment of
the office should be an Integral part of the quarters. If this is not possible, garage space
conveniently located with reference to the ofhce should be obtained—at any rate arrange-
ments should be made so that the equipment is not parked on the street.
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14. EQUIPMENT AND INSTRUMENTS FOR PHOTOGRAMMETRIC OFFICES

Certain equipment and instruments are necessarv and should he on hand for the
successful completion of the operations assigned a photogrammetric office.  The condition
and the adequacy of these wstruments should be checked periodically.  As types oi photog-
raphy and the methods of making maps from them vary considerably, additional instruments
and equipment are required at various times and may be obtained from the \Washing-
ton Office.

It is the responsibility of the Officer-in-Charge to foresee the requircmients of his
office and to be certain that the necessary instruments and equipment are available prior to
their actual need.

Although photogrammetric offices may not have ficld parties attached to them, they
should have a certain minimum of the instruments and equipment needed for small routine
horizontal and vertical control surveys,

141. INSTRUMENTS

A photogrammetric office shall have a sufficient number of plotting and drafting
instruments for general office use as well as a sufficient supply of small drafting instruments
so that the necessary number and types can be issued to each photogrammetrist. The small
instruments that are not issued to individuals should be kept in the best possible repair in a
locked cabinet. Al such instruments should be scrupulously cleaned of rust and corrosion
and covered with a light protective film of oil. Instruments for general office use, such as
beam compasses, protractors, and lettering sets should be kept in a cabinet that is convenient
and available to all employees. One employee should be given the responsibility of their
upkeep and care.

The tension in bow-spring or spring-adjusted instruments should be almost completely
relieved when the instruments are not in use.

Each photogrammetrist is entrusted with the custody of the instruments issued to him
and-is responsible for their upkeep.

Detailed descriptions of plotting and drafting instruments and their care and use may
be found in section 48, Special Publication No. 143, Hvdrographic Manual, or in instrument
catalogs. The following is a list of the plotting and the drafting instruments used in the
compilation of map manuscripts from aerial photographs :

BEAMS, FOR BEAM COMPASSES:

9-inch. 30-inch.
12-inch. 40-inch.
18-inch. 48-inch.
24-inch.
DIVIDERS:

Bow-spring, large.
! Bow-spring, small.
* Hairspring.
Proportional.
Spacing.
ERASING MACHINES.
FINTURES, FOR BEAX COMPASSES.

1 These instruments are generally issued to each photogrammetrist. However, this specified list should not be held
to rigidly, as nany skilled plotogrammetrists can use other mstruments to good advantage,
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*FRENCH CURVES:
Dietzgen No. 13.

Do. 2
Do, 20.
Keuffel & Esser No. 12,
Do. 26.
3GT,ASSES::
Engraver’s.

Magnitying,
Triplet, 10-nower.
INSTRUMENTS, DRAWING SET.
LETTERING SETS:
Lerov—consisting of the ifollowing:
Scriber.
Pen ponts Noso 00 (dne) through 3 (heavy).
Templets Nos. 3240-100 CL (small).

Do. 3240-:20 CL.
Do. 3240-140 CL.
Do. 3240-175 CL.
Do, 3246-200 CL.
Do. 3240-240 CL (large).

Wrico—consisting of the following:
Pens Nos. 2 (heavy) through 7 (fine).
Templets Nos. VOXN 140. SCN 140 (small).

Do. VCN 1750 SCN 173
Deo. VN 2400 SN 240
Do. VN 3:0. SN 330
Do. VN 300, SN 500
Do. VvC 240 SC 240
Do. VvC 3:0. SC 330
Do VC 500. SC 300 (large).

LIGHT TABLES.
MAP MEASURES.
rYANTOGRAPHS.
*PENCILS:
Colored wax—black, yellow, and red.
Drawing, H through 6,
Mechanical—black, red, and blue lead.
Writing, HB through 3B.
*PENHOLDERS.
*PEN POINTS.
PENS:
Bow-spring.
* Contour.
Double curve,
*Drop bow-spring.
Ratlroad.
! Ruling, 4V%-inch and 5%-inch.
*PRICKERS.
PROJECTORS, RATIO REFLECTINC.
PROTRACTORS:
Celluloid circular.
Celluloid circular, 3~arm.
Metal, 3-arm.

1, 2 These instruments are geherally issued to each photogrammetrist. However, this specified list should .ot oe neid
to rigidly, as many skilled photogrammetrists can use other instruments to good advantage.
2 The selection of the type and number of these instruments is left to the individual
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SCALES:

Architect’s, 12-inch.
Engineer’s, 12-inch.

*Toot, 1; 10,000 and
Latitude und Inn .
Lockerbie diagonal, 1: 10.600 and 11 2000,
Merer har.

* Quarter-meter.

Tovoygraphic.
SCRAPERS:

* Round.

Prism.
The F 71 Fairchild,
STRAIGHTEDGES:
* 6-inch.
*13-inch.
* 21.inch.
+43-inch.
60-inch.
TRIANGLES:
*4-inch, 30° by 60°.
* 4-inch, 45°.
*12-inch, 30° by 60°.
*132-inch, 45°.
Various other sizes.

DRAFTING MACHINES.

The instruments listed above have not been described in detail, but a few brief comments on the care
and use of some of them are justifiable,

1411. Drafting Pens
A. RULING PENS

Practically all the emplovees in a photogrammetric office use ruling pens to draw
straight and curved lines of even weight and thickness. These pens are always guided by
the edge of a triangle, straightedge, french curve, or similar instrument. The ruling pens
are usually 424 or 5% inches in length (F and G in fig. 1.2). They are made of excellent
quality carbon steel and are of the spring-blade type (one blade springs away from the
other when not held closed by a thumbscrew). This type of pen has been found to retain
its setting better than the type with one blade hinged.

When used for inking or olastic sheeting with plastic ink, some of these pens leave a
small “bead” of ink at the beginning and the end of a line which then has to be scraped
to its proper width. This can be remedied by shightly straightening the spring blade to make
its convexity approximately that of the straight blade. This brings the nibs of the two
blades more nearly parallel, dispersing the same volume of ink over a greater area and thus
retarding the fow of ink. The straightening of this blade has to be done with extreme

1, These instruments are generally issued to each photogrammetrist. IHowever, this specified list should not he held

to rividly, as many skilled photogrammetrisis can use other instruments to good advamtage.
= The selection of the type and number of these instruments is left to the individual.
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Figure 1.2—Drafting instruments. 4. Drop bow-spring pen. 5. Bow-spring pen. C. Bow-spring dividers, small. D. Map
measure. £, F, and &, Ruling pens. /. Contour pen. J. Barch-Pavzant pen. K. Speedball pen. L. Pricker. Af. Hair-
spring dividers. N. Straightedge. P. Bow-spring dividers, iarge. .

care, as the steel is tempered and somewhat brittle and the blade is likely to be broken. As
this will lengthen the spring blade a lutle, the two blades should aiterward be evened in
length and then sharpened. The blades should not be marred during this straightening.
Detail pens are on the market that are similar to £ in figure 1.2 with the same taper to each
blade. This type pen seldom leaves a bead.

Permanent plastic ink has a very corrosive etfect on draiting instruments with which
it comes in contact. All tvpes of pens must be cleaned frequently during use and must never
be put away without first being cleaned thoroughly ; otherwise the ink will corrode them
beyond usefulness in a relatively short time,

A ruling pen that has become dull or one whose nibs have become uneven may be
sharpened on a fine oilstone if extreme care is used. To restore the nibs to their original
parabolic shape ur evenness, the blades should be brought mto light contacr while the pen
is held in a vertical plane and whetted with a back-and-forth motion through an angle of
about 120°. To sharpen the pen, the outside surface of each nib is held nearly flat on the
surface of the oilstone and whetted with a rotary motion to conform to the shape of the nib,
care being taken not to alter the parabolic shape of the ends. The edges should not be too
sharp or they will cut the sheeting. The bur should be removed from the inside of the
blades by using a piece of leather or emery polishing paper.
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During the sharpening procedure, the pen should be frequently examined so that the
sharpening is stopped when the reflecting or bright spot has vanished irom the end or
drawing surface. The blades should not be sharp enough to cut plastic sheeting when
tested by drawing a line, without ink, across it. If oversharpened, the first operation—that
of restoring the nibs to their vrigmal parabolic shape—shouid be repeated.  When tested
with ink on plastic sheeting, the pen should be capable of drawing clean sharp lines down to
a fine hairline.  If these fine lines are ragged or hroken, the pen is not pertectly sharpened.

Contour, drop bhow-spring, bow-spring, double curve, and railroad pens should be
similarfv sharpened.

Emery polishing paper is also used to polish these and other small metal draiting

mstruments.
B. CONTOUR PENS

The contour pen (H 1 fig. 1.2y ix uszed to ink wandering curved lines, such as
eontour lines.  In both workmanship and material 1t 15 of the same high quality as the
ruling pens, can be used verv satistactorily with plastic ink on plastic sheeting, and requires

the same scrupulous care.
C. DROP BOW-SPRING PENS OR PENCILS

The drop-spring pen { in fig. 1.2) is the most convenient instrument in the photo-
grammetric office for drawing small circles for the identification of control and photogram-
metric points. One leg holding either a pen or a pencil revolves around the other stationary
leg ending in a pointed pin. This pin is placed in the pricked point and the pen or the
pencil is lowered onto the drawing surface and then rotated to draw the circle. Circles
can be varied in size from almost a dot to 2 centimeters (0.8 inch) in diameter. If the
circle is not concentric with the center point, the instrument should be repaired or replaced.

1412. Drafting and Lettering Pens

Although individual preferences vary somewhat, an experienced draftsman knows with
which make and type of drafting and lettering pens he can obtain the best results. Several
tvpes and makes of steel pen points are listed in table 1.2,

TasLe 1.2 —Steel pen points

»
i | ]
All-g 11"!’0_51‘ Flexible potnts | Heavy work l Shf
Mak crot-aquil! ' Poruts
Make
. R Ext . Fxtr
Fine Fine {:m Fine Medium Extra
ne fine
I R |
Esterbrook 62 334 | 335 356 ! 337 338
Gillott 639 D 0 L s | o ; 04
| | !
i ; f B .
Hunt 102 103 ! 100 99 | 2 55 104 E

Crow-quill penholders, such as Esterbrook No. 32 or L. & C. Hardtmuth Inc. No. 106D,
will be required for pen points Nes. 62, 639, 102, and 104. Penholders of medium size,
such as Esterbrook No. 33, are used for the other pen points.
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For neat {reehand lettering some photogrammetrists prefer either a Barch-Paszant et
a Speedball pen (J and K in fig. 1.2). These pens give uniformity of line width and
density. Barch-Pavzant pens Nos. 3, 6, 7, and 8 are of considerable use in any photograni-

metric office. The most practicable tvpes of Speedhall pens for a photogrammetric office

are Nos. 203, 4 5 and 6 in stvles A and B, With either tyvpe of lettering pen, the line
width decreases as the number increases.

Two ty\'pL‘S of mechanical erering sets, manuactured

S e T P A

and Leroy. are furnished the photogrammerric siitces. While thev are not venerails wsed

€
in delineating map manuseripts, ther are used for titles, progress sketches, and miscellynens
lettering.  The pens should be thoroughly cleaned immediately after use and beiors the
mic hardens in the small orifices of the pen pointz. Cleaning fuids are manwiactured for
both types of pens: however, either soapy water or household ammonia is excellent.  [{
household ammonia is used, the pens should be rinsed thoroughly with water afterward

and dried so that the metal will not corrode.

1414. Dividers
A. BOW-SPRING AND HAIRSPRING DIVIDERS

Small bow-spring and hairspring dividers are the two types of ordinary dividers most
commonly used in a photogrammetric office. Small bow-spring dividers (C in fg. 1.2) are
probably used more often because they are better adapted for measuring the many short
distances used in identifving control on photographs. They are used to measure distances
to approximately 2 centimeters (0.8 inch). These 3¥i-inch bow-spring dividers are
constructed from a single piece of spring steel, except for the threaded spindle, handle, and
screws. The legs are pointed and are connected by a threaded spindle. The thumbscrew
on the spindle is used to adjust them to the desired setting. As there is considerable spring
against the thumbscrew, the legs should be compressed with the fingers while the dividers
are being approximately set; this avoids excessive wear on the threads and speeds the
operation.

For measuring distances from 2 to approximately 13 centimeters, 6-inch hairsprirg
dividers (M in fig. 1.2) can be used. They have two separate legs of stainless steel hinged
at the top by a {riction pivot joint. One leg is fitted with a hairspring and thumbscrew
to provide a fine adjustment of approximately 5 millimeters in making final settings.
These dividers are set at the correct friction by skilled instrument makers, and it is inadvis~
able for photogrammetrists to attempt adjustment. When dividers become loose at the
friction joint or otherwise unserviceable, they should be returned to the Washington Ofhce
for adjustments or repairs.

The points of both the small bow-spring and hairspring dividers should be kept even
mn length and sharp. Tirst they should be made of even length by placing the legs together
and lightly grinding them back and forth on an oilstone, while holding the dividers ver-
tically. Then each point should he sharpened. Bow-spring points are round but hairspring
points are circular on the outside and flat on the inside. In sharpening the circular points,
resulting flat surfaces must be avoided, and the length of the legs should not be shortened.
These instruments can be preserved in their original condition for a long time by sharpening
them periodically on emery polishing paper.
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Large bow-spring dividers (P in fig. 1.2) are useful where the distances are too long
{0 be measured by small how-spring dividers. DBoth points are removable. This instrument
can be used to measure distances from approximately 1 to 10 centimeters.

B. SPACING DIVIDERS

Spacing dividers are specially constructed with multiple legs so arranged as to
subdivide the total distance spanned into a number of equal parts. The size most frequently
wsed is about 6 inches long and contains 11 points consecutively nuntbered O to 10. With
these dividers distances up to O inches may be divided into 10 equal parts. Where photo-
graphs of relatively flat terrain are not at the same scale as the map projection and a
projector is not available, these spacing dividers are extremely useful to aid in adjusting the
photographs to the map projection.

C. PROPORTIONAL DIVIDERS

Proportional dividers are of some use in enlarging or reducing detail between
map manuscripts of different scales. They are also of some limited use in transferring
changes and additions from large-scale plans to the map manuscripts.

1415. Scales

Most scales used by the Coast and Geodetic Survey for constructing projections and
for plotting control stations are graduated in the metric system.

The meter bar is a scale 1 meter in length. It is used in constructing projections, in
scaling distances, and in other operations involving comparatively long distances. All
meter bars now acquired are tested for accuracy and calibrated by the National Bureau
of Standards, the allowable error being 0.1 mm. for any distance. Those furnished are
graduated on one side at a scale of 1:10,000 and on the reverse side at a scale of 1:20,000.
This same bar may be used for other scales by applying a simple ratio to the distance
to be scaled. For example, 2 10,000-meter distance on a 1:40,000-scale map will equal
5,000 meters on the 1:20,000 scale of the meter bar; or similarly, 2,500 meters on the
1:10,000 scale.

The length of a meter bar is divided into equal spaces representing 100 meters each
:at the scale of the bar. The width of the bar is divided into 10 equal spaces by numbered
parallel lines. At the left end of the bar one 100-meter space is subdivided by 10 parallel
diagonal lines in such a way that distances to tenths of a meter may be scaled.

Quarter-meter scales (fig. 1.3), similar to the meter bar but only a quarter meter in
length, at scales of 1:10,000 and 1:20,000 are used by most emplovees. These are not
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tested for accuracy before being issued from the Washington Office and should be compared
with a meter bar of known accuracy hetore use.

Foot scales (fig. 1.4, are smmilar to meter bars in construction, scale, and usze hut the
lengths and the values of the subdivided spaces naturally differ. The smallest direct reading

is 10 feet, but one-foot distances can be interpoiated between the parallel horizontal lines

as illustrated.  These scales are used in plotting control points or other duta whose coordi-
nates are in feet.
Latitude and longitude scaies (fig, 131 are similar in appearance to trianouiar enwi

neer's scales and are constructed so that anv one of the three edges mav he placed in
contact with the paper.  They are designed particularly Tor use ar seales of either 1:10,000
or 1:20,000 for plotting or sealing geegraphic positions in seconds without having to
convert the seconds into meters.  Their chief advintage is in plotting and checking
positions on sheets that contain some distortion.  Each rule contains six scales—one for
use in plotting ladtude, and tve for use i plotting lengiwnde ar various laritudes. Each
scale is shghtlv longer than T niinae of are at a seale of 1:10000 and is divided into 60
main divisions, each division being further subdivided inte 3 divisions. Tt is thus possible
to plot 0.2 sccond of arc directly from the divisions and to interpolate to 0.03 second.
Small magnifying glasses are provided which can be attached to the scale and slid along the
rule to any desired position.

R

I I B

Fisvre 1.3 —TLatituwle and longitude scale.

A topographic scale is similar i1 appearance to a triangular engineer’s scale, It has the
following six different scales:

Scales Smallest direct readings
Meter (1:20,000) oo U, 10.0 meters
Centimeter 0.05 centimeter
Foot (1:10,000) oo 200 feet
Foot (1:20.000) —o ool ——— 500 feet
Foot (1:62,500) 100.0 feet

Inch o 0.02 inch

The topographic scale is used for general use in photogrammetric offices and is excel-
lent for field use. With it surveving units are rarely without an appropriate scale for

unexpected field needs.
1416, Straightedges

Straightedges (N in fig. 1.2), usually of sminless steel with one edge beveled, ure
furnished to photogrammetric offices in various lengths from 6 1o 72 inches. Each photo-
grammetrist needs a 6-inch and an 13- or 24-inch straightedge.
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Straightedges should be tested for straightness and examined to ensure that no burs
are on them to scratch the objuct they are used on or to make defects in the lines drawn
with them. A defective straightedge shall be returned to the Washington Office.

When not in use long straightedges should be kept in canvas cases or other suitable
containers, short straightedges should he wrapped in tissue paper, and all should be stored
where they will be protected from moisture.  When necessary, they should be cleaned with
soap and water or benzine and then thoroughly dried.

1417. Protractors

Circular celluloid and metal threc-arm protractors, graduated in degrees, are instru-
ments with which horizontal angles can be plotted or scaled on plane surfaces. These
horizontal angles are used in plotting directions and in forming three-point fixes so that
positions can be plotted graphically. Protraciors and their use are described in detail in
subject 453 of Special Publication No. 143, Hydrographic Manual.

1418 Beam Compasses

Beam compasses (fig. 1.6) are used to measure distances that are too long to be
measured accurately with ordinary dividers. They are indispensable in making projec-
tions, and positions can usually be plotted more accurately with them than with dividers.

)
Vi

FIGURE 1.6.—Beam compass in use.

The beam compass issued by the Coast and Geodetic Survey consists of a light rigid
bar of wood and two compass fixtures which slide on the bar. Each fixture may be
clamped at any desired point by means of a thumbscrew on the side of the fixture. One
of the fixtures embodies a hairspring device so that minute adjustments can be made
parallel to the bar. These bars are obtainable in lengths from 12 to 60 inches in multiples
of 6 inches, but in photogrammetric work a 9-inch bar is the most convenient length;
the 12-inch bar should be cut to about this length. Needle points are generally used in
both fixtures, but a pencil point or ruling pen may be fitted into the socket of either
fixture. The points should be kept sharp.

In setting a distance on a heam compass by reference to a metal scale, a light touch
and extreme care should be used so as not to deface the graduations of the scale,

837082503
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1418, Miscellanecous Items

The following miscellancous items are not considercd instruments, but photogram-
metrists find continual need and use for them:
¥ Azimath hiners, *
Emery polishing paper, srade 4/0.
Erasers, blade knife, rubber, and steel,
Erasing shield-.
Hones.
Oilstones, fine.
Paperweights.
PPencil pointers, emery.
Tapes, clear cellulose and dralung,
Thumbtacks.

142, FURNITURE

As the types and the quantities of furniture needed in a photogrammetric office vary
because of the different conditions under which the work is done, no complete standardized
list is applicable. However, regardless of the size or the pertmanence of the office, the
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Figure 1.7.—Plywood drawing board.

3 An azimuth liner is made of plate glass, lucite, or other similar transparent material that will not easily warp
or twist. The material should be approximately 1/10-inch thick, 4 inches wide, and in appropriate lengths according o
the method of establishing azimuths and according to the various sizes of photographs. A pin centered about one.half
inch from one of the ends is driven through the material until it protrudes approximately one-twentieth of 2= inch on
the opposite side. A fine straight line is then centrally etched from this point for the entire length of the liner with
holes one-fiftieth of an inch in diameter centered at l-inch intervals on this ewched line.
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standardization of some types of furniture is advantageous in maintaining a systematic
production aid high quality output without loss of or damage to essential records or
material. Items, such as the radial-plot table, drawing boards, photograph racks, and
cabinets, should be kept clean and in such physical condition that photographs and plastic
sheeting will not be soiled, torn, or scratched.

1421. Drawing Boards

Each photogrammetrist probably has a preference for one particular type of the
various drawing boards. Those made of white pine strips are among the best. The strips
are glued together and dovetailed maple cleats underneath, normal to the strips, allow the
wood to contract or expand.

Another well-liked board is a wooden f{rame with a plate glass inset for the drawing
surface. Such a board has some advantages, but it is comparatively expensive and the
plate glass is apt to be broken.

The plywood drawing board shown in figure 1.7 has been successfully used at photo-
grammetric offices. It is sturdy, it can be shipped or moved easily, and its surface stays
flat. The electric outlets on the back edge of the board are convenient and eliminate many
drop or extension cords. )

The utility drawing board (fig. 1.8) is especially useful for field parties that move
their headquarters frequently. These boards should be sandpapered properly and given
several coats of shellac, being lightly rubbed down with very fine sandpaper after each coat.
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Frouse 1.8.—Utility table for field office use.
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1422. Drafting Lighis

Natural light and artificial overhead or indirect lighting equipment must be supple-
mented by individual drafting lights. Light-weight adjustable light fixtures using two 15-
watt 18-inch fluorescent lamps are excellent. These or similar adequate fixtures are needed
to provide each photogrammetrist with proper lighting.
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Ficure 1.9.—Photograph rack.

1423. Photograph Racks

To ensure that photographs are properly cared for, each photogrammetrist should
have a photograph rack. The cost of duplicating one ruined nine-lens photograph alone
will pay for this rack. (See fig. 1.9.) Here all types of photographs—mounted or
unmounted nine-lens, and single-lens of all sizes—plans, maps, and other data can be
stored. The rack can be placed either to the right or left of the board, and inks can be
kept in the tray so sheets and photographs can be moved freely on the drawing board
without risk of upsetting ink bottles,

The photograph rack should be finished in the same way the drawing boards are.

1424. Radial-Plot Table

The ordinary drawing board is not large enough or strong enough to accommodate
radial plots laid by any of the templet methods.

Some extremely large plots have been laid using base grids on various materials
(aluminum, plywood, masonite, and plastics) laid directly on the floor. The result may
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Fi1Gure 1.10.—DPlotting table.

be acurate, but the procedure is not satisfactory and should not be used, except in an
emergency, because of the inevitable dirt and dust.

Any radial-plot table must contain certain constructional details. It should be
extremely sturdy, have an inflexible surface capable of supporting the weight and the move-
ment of several persons, and should be large enough to meet the expected needs of the
photogrammetric office. For most radial plots laid by the Coast and Geodetic Survey,
the table shown in figure 1.10 is adequate. The height may be varied as desired. Standard
sizes of plywood can be used for the table top which should be painted with white enamel
so that the lines and the figures on the transparent base grids and projections can be seen
casily. Also it is occasionally desirable to construct a base grid or projection directly
on the enameled surface.

1425. Cabinets

For the efficient operation of a photogrammetric office arrangements must be made
for the orderly and systematic filing of all data, related materials, and supplies. Adequate
cabinets must be available in which to file photographs, projections, grids, map manuscripts,
copies of current and prior surveys and maps, horizontal and vertical control data, stationery,
forms and like supplies, and small instruments.

Nine-lens photographs should be filed in cabinets large enough so that the edges of
the photographs will not be torn or mutilated when they are being filed or removed for use.
Unmounted nine-lens photographs should be filed flat, but mounted nine-lens photographs
should be filed vertically.

Smaller cabinets should be provided for trimmed nine-lens photographs and enlarged
single-lens photographs. Letter files are excellent for contact single-lens photographs.
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These photographs should be filed vertically for accessibility and should be pressed tightly
together to keep them from curling or warping.

Standard metal chart cabinets are excellent for projections, grids, map manuscripts,
maps, and surveys, Grids or projections that are too large to be filed flat ir these cabinets
should be placed in a large drawer like that shown in figure 1.10.

143. Ratio RerLectinG PROJECTORS

The delineation of radial-controlled map manuscripts is often expedited by using ratio
projectors. \With one of these instruments the detail of a photograph can be reduced or
enlarged as desired to the exact scale of a map manuscript.

The Coast and Geodetic Survey uses overhead ratio reflecting projectors. Those built
in the Bureau are designed so that metal-mounted nine-lens photographs can be placed in the
photograph holders. The commercial instruments are designed for single-lens photographs,
but unmounted nine-lens photographs can be used in them. Although mechanically dif-
ferent, both types of machines are the same in principle.

Ficure 1.11,—Ratio reflecting projector.

_A ratio reflecting projector (see fig. 1.11) consists of a stationary horizontal table
and a movable upper assembly, or lamphouse unit, containing a vertical photograph holder,
bellows, lens, lights, and a front-surface mirror inclined at an angle of 45° to both the
horizontal table and the vertical copy holder. This arrangement of the lens and the mirror
with reference to the vertical photograph holder results in the projection of a direct image
on the horizontal ‘table. Sharp focus and correct magnification of the image are obtained
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by moving the lamphouse unit vertically and by moving the lens along its axis. All parts
are moved manually on the projectors built by the Bureau, On commercial machines the
lamphouse unit is moved electrically,. Two 500- or 730-watt 120-volt T-20 projection
lamps with mirror reflectors provide the illumination. To avoid overheating the photo-
graphic prints, the lamphouse unit is ventilated by means of an electric blower.

The lenses used in ratio projectors are generally of the symmetrical type rather than
the type used in aerial cameras—that is, the image can be enlarged or reduced by raising
or lowering the lenses. Additional lenses of various focal lengths may be substituted for
the original projection lens if it is necessary to extend the range of magnification or
reduction.

Square grids of fine lines ruled on metal-mounted paper large enough to fill the
usable field of the projector are furnished for checking the accuracy of the projector and
for use in its adjustment.

144. STEREOSCOPES

A stereoscope is an optical instrument through the use of which a mental image of
three dimensions can be obtained from a pair of photographs or diagrams. Overlapping
pairs of vertical aerial photographs usually meet the special requirements for viewing with
a stereoscope. o

Several tvpes of stereoscopes used in the Coast and Geodetic Survey are described
in this section.

1441. Lens Stereoscope

The simple lens stereoscope shown in figure 1.12 consists of two matched lenses
mounted on a folding frame for field use. A similar device mounted on an adjustable
nonfolding stand is used in the office.

FigUure 1.12.—Lens stereoscope.

The lens stereoscope is a convenient and simple device for obtaining a clear magnified
stereoscopic view from a pair of single-lens photographs. It is particularly useful in
identifying images accurately in field inspection and in radial plotting. The impression
of relative depth is exaggerated sufficiently, although not so much as with a small mirror
stereoscope. In using both the field and office types, the photographs have to overlap each
other to be viewed, giving a clear view of a strip approximately 234 by 9 inches. A
means is provided for adjusting the interocular distance of each type. The focus of the
field type is fixed although that of the office type may be altered.
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1442. Mirror Stereoscope

The mirror stereoscope (fig. 1.13) used mostly by the Coast and Geodetic Survey is
of wood construction and of sufficient size to view single-lens ratio prints or nine-lens photo-
graphs trimmed for field use. The over-all dimensions of the instrument are 715 by 814
by 3034 inches and those of the carrving case are 9 by 11 by 32 inches. The instrument
is sturdy, light in weight, portable, easy to use, and yvields a brilliant image with a large
coverage. It has electric lighting fixtures, front surface mirrors, and mayv be equipped
with simple lenses, The relief impression is erearly exnggerated, perhaps more so than in
any other stereoscope of the Coast and Geodetic Survey. It is particularly useful in the
field as well as in compilation offices and 1s used repeatedly hy the operators of stereoscopic
plotting instruments because of the clarity with which topographic detail can be interpreted.
Images are reduced and the relief effect is exaggerated because of the long viewing distance

necessary to avoid overlapping the photographs.

!
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Ficure 1.13.—Mirror stereoscope.
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Figure 1.14.—Principle of mirror stereoscope.

A mirror stereoscope consists of two small mirrors about 214 inches between centers,
and two large mirrors, all set at 45° as shown in figure 1.14. Light from the separate
images & and y is thus conducted by reflection to the separate eyes as though it emanated
from 2’ and ¥/, giving the desired stereoscopic impression. Convergence and accommoda-
tion are not critical considerations in this instrument because the object separation xy can
be adjusted. '

Front surface mirrors eliminate the occurrence of troublesome “ghost” images, and
little illumination is lost as compared to that lost using ordinary mirrors. Inasmuch as the
front surfaces consist of a very thin evaporated metallic film, they are easily marred and
their reflective power may be permanently reduced from finger prints on them. They
should be protected from dirt and excessive handling and be cleaned by washing gently
with cotton soaked in a solution of water and alphasol.

A simple lens may be placed between the eye and the small mirror to improve notice-
ably the clarity, brilliance, and eye comfort and to yield a slightly larger image. The focal
length should be equal to or greater than the path of light from the lens to the photograph.
In this instrument the focal length is 20 inches, or the power is 2 diopters.

1443. Prism Stereoscope

The prism stereoscope (fig. 1.15) is a large instrument specially built for viewing
nine-lens photographs. It is particularly suitable for image identification iz radial plotting
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and the delineation of map features in compilation because it presents a clear magnified
image of sufficient relief impression. It is large enough to accomunodate nine-lens photo-
graphs without having to overlap them. The stereoscope has a small field of view ; how-
evet, it is mounted on a carriage of parallel movement that can be moved freely so the
entire overlap area can be seen without changing the orientation of the photographs. The
instrument has two sets of evepieces—one with a two-power magnification having a feld
of ahout + inches, and the other with a four-power magnification having a field of about
2 inches. FEach evepiece can be focused separately, and the interocular distance can he
adjusted. An adjustment is also provided on some instruments for slightly changing the
magnification or scale of either photograph.
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FIGURE 1.15.—=Drism s erecscope.

The prism stereoscope resembles a mirror stereoscope in principle. The reflections are
performed by the internal reflecting surfaces of prisms instead of mirrors. A rather com-
plicated telescopic system of lenses is used to magnify the image, and the optical system
is enclosed to keep out dust and stray light.

A small prism stereoscope that has recently become available and which is excellent for
field use is described in chapter 9.

1444. The F 71 Fairchild Stereoscope

The ¥ 71 Fairchiid stereoscope (fig. 1.16) is a mirror-type stereoscope—front surface
mirrors are used for the outer reflecting surfaces, and prisms are used at the inner
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surfaces. Simple lenses are included to facilitate vision. The instrument is designed
primarily for use with 9- by 9-inch photographs; the common overlap of two such photo-
graphs can be viewed in its entirety with but a slight movement of the head and with no
movement of either the photographs or the stereoscope. The total viewing distance is
about 12 inches.

)

Ficure 1.16.—F 71 Fairchild stereoscope.

Four-power binoculars that have a field of view 114 inches in diameter are also fur-
nished. The interocular distance of these hinoculars can be readily changed, and each
eyepiece can be focused separately by a screw adjustment. The binoculars are held in
position by spring pins but can be rotated out of position. They can be removed altogether
by simply compressing the spring pins.

Handles are provided on the stereoscope in an effort to overcome the tendency to
touch the mirrors while moving it. Protector pads are furnished to prevent injury to the
mirrors during transportation. The instrument stands on legs that can be folded for
packing into a convenient case. The length of one of the legs can be adjusted by a simple
knurled nut. ’ : '

A very bright, clear image is obtained with or without the binoculars. The binoculars
create a small amount of parallax distortion which tends to make a level area appear to
slope slightly downward at the outer edges, but this may not be objectionable if they are
used principally for pricking points and/or identifying control. Use without the binoculars
results in sufficient helpful relief exaggeration.

- 15. PROJECT PLANNING—PHOTOGRAMMETRIC OFFICES AND FIELD PARTIES

- The photogrammetric surveys of the Coast and Geodetic Survey for the production
of both planimetric and topographic maps are confined to the coastal areas and the shores
of navigable waters of the United States and its possessions, and their primary purpose is
to furnish shoreline and hydrographic control for hydrographic surveys and detailed topo-
graphic information for nautical charts. The surveys are arranged areally in projects that
depend on the requirements of this Bureau for their location and limits and for the types
and the scales of the resulting maps. Each project is identified by a code number, such
as Ph-12(46), Ph-15(47), etc,, in which the letters Ph stand for Photogrammetry, the
next number indicates the consecutive number of the project, and the number in paren-
theses indicates the vear the project was initiated. A project may be subdivided into
smaller parts with each identified by a capital letter appended to the project code number,
such as Ph-12A(46) and Ph~12B(46).
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There are normally three separate and distinct phases to each photogrammetric project
—{1) the aerial photography, (2) the required field or ground surveys, and (3) the com-
pilation at the photogrammetric offices of the map manuscripts from the photographs and
the related field surveys. In special cases phases (2) and (3) may be assigned to and
accomplished by the same Officer-in-Charge and party personnel. When the phases of a
project need to be distinguished—especially in identifying project instructions—the code
number is followed by the word *Aerial,” “Field,” or “Office.”

Tach project is defined by areal limits. The sizes of the projects vary from those
that are small, specialized, and of short duration to those that require several seasons.
Several projects, the field surveys of which are done by one or more field parties, may
he assigned to one photogrammetric office for office processing. Large projects are
usually planned for seasonal field work so that field parties operate in the north during
the warm part of the vear and shift southward to another project during winter until work
can be resumed again in the north.

The areas to be mapped are selected and the project plans are made to satisfy
primarily the nautical chart needs of the Bureau. But after such an area has been selected,
the over-all federal economy and the map requirements of other agencies and of the public
are considered. In all cases, special emphasis is placed on the data required for hydro-
graphic surveys and nautical charts, such as the mean high-water line in-detail, the aids to
navigation and landmarks for charts, control stations for hydrographic surveys, offshore
features visible on the photographs, Coast Pilot revision data, and bridge clearances.

The three types of maps produced by photogrammetric methods are as follows:

(a) Topographic maps with contours are required for nautical charts where the coastal area is not
flat; they are made of other coastal areas where planimetric maps are required but where topographic
maps are nonexistent or are obsolete because of age or scale.” In the latter case, topographic maps are
made by the Coast and Geodetic Survey in the interests of public economy.

The topographic maps comply with accepted standards as to map content and with the National
Mappmg Standards for a publication scale of 1:24,000 as to accuracy. They extend inland from the
shore to include the limits of the first tier of 724-minute quadrangles along the coast. {The map manu-
scripts include the special data required for hydrographic surveys and for nautical charts.

These maps are published and distributed by the Geological Survey of the Department of the
Interior. The map manuscripts are forwarded to the Geological Survey for publication at sqme
production stage after compilation and review and prior to printing.

) Plammemc :maps; are complete as to planimetry—the honzontal representation of features—
but they contain’ rio contours or representation of relief. They are made where contours are not
required [see (@) above]. Their limits are similar to the limits of topographic map projects. Plani-
metric maps comply with the National Standards of Map Accuracy as to accuracy of horizontal posi~
tion. They are generally compiled and published at the scales of 1:20,000 or 1:10,000 with a few city
areas at 1:5,000. The published maps, in one color only (black), are distributed by the Coast and Geo-
detic Survey.

(¢) Shoreline surveys are essentially planimetric maps restricted in extent to the shoreline and a
narrow zone (generally only a few hundred meters in width) immediately adjacent thereto, They are
not published for distribution but a copy of each shoreline manuscript is printed and permanently filed
in the Archives of the Bureau. Photographic reproductions of this file copy are furnished to those
requesting copies. .

The term “shoreline survey” is used instead of “shoreline map” because the coverage is limited
and the surveys are not published as maps. Shoreline surveys are also made by planetable, in which case
they are often limited to the shoreline with most interior details omitted.

Shoreline surveys are made where neither planimetric nor topographic maps are needed, as, for
example, where the data on recent maps are generally adequate for nautical charts but shoreline at a
larger scale with hydrographic control is required for contemporary hydrographic snrveys or for a new
large-scale chart.
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151. ProgecT InsTRUCTIONS FOR TOPOGRAPHY AND PLANIMETRY

Project instructions, to supplement the published manuals, are written in the
Washington Office and issued for each photogrammetric project. These instructions deal
with the following general subjects: general, horizontal control, field inspection, hydro-
graphic data, vertical control, contouring, compilation, field cdit, and records. The details
of the instructions vary from specific to general, depending on the locality and the nature
of terrain and whether prior surveys have been made by the Coast and Geodetic Survey.

After operations have heen started on a project, supplemental instructions are some-
times required to modify or supplement the original instructions. These are issued as
additional facts come to the attention of the Officer-in-Charge or the Washington Office.
They are identified by adding the code “Sup. 1, “Sup. 2,7 etc., to the code number
identifving the project; thus, the second supplemental set of instructions for field survevs
on a project might be identificd as Ph-12(46)Field-Sup. 2. In all correspondence, all
Descriptive Reports, season’s reports, special reports, and transmission of data, which refer
to the operations of the projects, reference shall he made to the complete code number
identifving the applicable project instructions or supplemental instructions.

The Officer-in-Charge shall acknowledge the receipt of all project instructions and
supplemental instructions. He is required to make a careful study of them as soon as
the instructions and the accompanyving data are received. He should report immediately
to the Washington Office anv revisions of the requirements which he recommends, any
parts of the instructions which are not clearly understood, or any subjects relative to the
project about which he desires more complete or additional information. The Officer-in-
Charge is urged, if the progress of operations discloses the need therefor, to make specific
recommendations for amendments to the original instructions or for a change of procedure
or methods of operation for the successful completion of the project.

1511. General Instructions

The general part of the instructions specifies the types of map manuscripts to be pro-
duced and their scales, the project area, the section in which operations are to begin, and
the desired direction of progress.

Where there are prior Coast and Geodetic Survey planimetric or topographic maps
within a project, the extent and methods of revision are defined. Where adequate and
up-to-date surveys or maps by other government or local agencies are available within a
project, special instructions will cover the use and examination of these. Junctions that
are to be made with prior surveys will be designated.

When specia! coordination between field parties and a photogrammetric office is needed
to handle records or to maintain a continuous flow of data from one to the other, special
instructions are included.

Consultation and cooperation with officials of other organizations may be required.

Registry numbers are assigned to the various map manuscripts.

For cost accounting purposes, or otherwise where justified, a project may be subdivided
into smaller parts.

1512. Instructions for Horisontal Control

A known deficiency of control within a project will be disclosed, and the areas that
are inadequately controlled will be indicated in the project instructions. They will also
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specify whether or not all control stations within the limits of a project are to be searched
for and identified on the photographs. However, if there is a plethora of control, minimum
spacing of the recovered and identified control stations will be specified. On some projects
the Washington Office may indicate on the horizontal control layout or triangulation dia-
gram, the contrel which must be either recovered or replaced by new control and the
approximate placement of additional control. All this control must be identified adequately.
The horizontal control layouts, triangulation diagrams, copies of all geodetic positions, and
descriptions of stations will be forwarded with the project instructions.

The instructions may specify the map manuscripts, or the percentage of map manu-
scripts, within a project that are to be tested for horizontal accuracy and may specify that
certain existing horizontal control be withheld for that purpose.

Unless otherwise specified in the project instructions, all triangulation shall comply
with the requirements of Special Publication No. 145, Manual of Second- and Third-Order
Triangulation and Traverse?, as supplemented by section 22 of Special Publication No.
143, Hydrographic Manual.

All third-order traverse shall comply with the requirements described in this manual,
unless otherwise specified by project instructions. Where geodetic control of other organi-
zations is known to exist within the project area, special instructions will be included for
its use,

1513. Instructions for Field Inspection

The instructions specify the field-inspection operations that are to be completed within
a project. A thorough inspection of shoreline and alongshore detail is always required.

Any areas where certain phases of field inspection are to be omitted will be defined.

Regardless of the type of survey or map to be produced, the field inspection shall be
made in accordance with the requirements in this manual, except as amended by the project
instructions.

1514. Instructions for Hydrographic Data

The project instructions specify if photogrammetric surveys are to furnish control data
for new basic hydrographic surveys. Where contemporary hydrographic surveys are not
contemplated, the project instructions will ‘specify the amount of hydrographic control to
be established and its spacing.

If advance information prior to the routine completion of the project map manuscripts
is required for immediate use in chart correction, the requirements and the methods of
forwarding the data will be specified.

The instructions will specify whether or not information is to be submitted for the
revision of the Coast Pilot in the project area. Coast pilot reports, when required, shall
comply with the requirements of section 91 of Special Publication No. 143, Hydrographic
Manual. .

All hydrographic data shall comply with the requirements of this manual and the Hydro-
graphic Manual, except as amended by project instructions.

1515, Instructions for Vertical Control
- Where topographic maps are to be compiled, the descriptions and the elevations of
bench marks established within the project area by this Bureau and the U. S. Geological

2 The requirements for triangulation are being superseded by Special Publication No. 247, Manual of Triangulation,
and at a later date the requirements for traverse will be issued in a separate manual.
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Survey and those of any other organizations that are on file in the Washington Office will
accompany the instructions. Level diagrams showing the various level lines will be fur-
nished when they are available. Additional vertical control found by the field party within
the project area, but for which no dara were furnished with the project inatructions, is to be
reported to the Washington Office with full details hefore use.

The instructions will specify the methods to be used in determining supplemental eleva-
tions and their distribution throughout the project area. Where the elevations are for use
in stereoscopic instrument mapping, a lavout showing the required placement of the vertical
control points will accompany the instructions. A photogrammetric office may be required
to indicate on the field phorographs, or masaics of them, approximately where supplemental
elevations are needed to control multiplex maorlels maost efficiently.

Coast and Geodetic Survey vertical control will be established and all control will be
recovered and identified in accordance with this manual, except as amended by project
instructions.

1516. Insiructions for Contouring

\Where topographic maps are to be compiled, the method or methods of contouring to
be used and the contour interval are specinied.

Where field methods are to be used, the instructions state whether the contouring is
to be done directly on the photographs or on specially prepared lithographic copies of
planimetric manuscripts. Any improved field methods will also be described.

Contouring in photogrammetric offices is done by stereophotogrammetric methods.
Special instructions will describe any new procedures for contouring by such methods.

Contouring by field or office methods shall be done in accordance with the requirements
in this manual, except as amended by project instructions.

1517. Instructions for Compilation

The compilation method required by the instructions for the various map manuscripts
depends on the type of terrain and the Coast and Geodetic Survey’s immediate requirements
within the project limits.

Where shoreline and topographic manuscripts are to be made of the same area, the
instructions will clarify the procedures to be followed so that no duplication of effort will
ensue. All shoreline surveys are to be smooth-drafted, and all planimetric and topographic

‘manuscripts are to be compilation-drafted, unless otherwise specified in the project
instructions. '

When special symbols or compilation procedures are required that differ {rom those
described in this manual, detailed instructions will be issued regarding the desired changes.

1518. Instructions for Field Edit

The instructions specify the thoroughness with which all phases of field edit are
to be made. This will be done to ensure that the planimetric and topographic manuscripts
are complete and comply with the accepted standards for national mapping, including the
National Standards of Map Accuracy and any special requirements of the Coast and Geodetic
Survey.

Any phases of field surveys that have been omitted or slighted intentionally prior to
compilation will be completed during field edit.
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Horizontal and vertical accuracy tests will be specifically prescribed cither in the original
instructions or in correspondence with the Chief of Party.

All field edit shall be according to the requirements in this manual, except as amended
s project instructions.

1519. Instructions for Reports and Records

Various reports and records are required in connection with the photogrammetric
surveys of any project. These reports and records shall be submitted to the \Washington
Office according to chapter 7 of this manual, except as amended by project instructions.

152. CoorpINATION OF PARTIES

So that the field and office phases of the work involved in any project will be properly
coordinated, the photogrammetric office and the field party must keep each other informed
as to their progress and immediate and future needs.  After a project has been assigned to a
photogrammetric office, continual correspondence with the field party is necessary to
inform it of details, such as map manuscript grouping or plotting areas, adequacy and
placement of vertical control if plotting instruments are to be used for contouring, and
placement of additional horizontal control. Copies of each transmitting letter and each
letter asking for field work of any importance should be forwarded to the Washington Office.

Table 1.3 lists chronologically the interdependent operations, or work phases of a
project involving the Washington Office, photogrammetric offices, and field parties. This
chronology shall be followed unless the project instructions specify exceptions. Variations
that are sometimes specified are as follows:

(a) Phase 1(f) may occasionally be assigned to the photogrammetric office, in which case it
becomes part of phase 2.

(b) Where contouring is done by field methods, it is sometimes necessary to perform phases 6
and 7 simultaneously with phase 8 in order not to delay the work of the photogrammetric office. -
In such case the photogrammetric office must complete the final operations in phase 8§ after receipt of
field inspection and contouring. ’

(¢) If authorized, clarification and classification of detail may be postponed until field edit (phase
11) instead of being accomplished during ficld inspection (phase 7) when circumstances make this neces-
sary in order to expedite compilation (phase 8). This increases the work of the photogrammetric office
and is not so satisfactory as having a complete and independent field inspection. -

(d) Boundary lines of political significance and of reservations should always be recovered in the
field and shown on the field photographs and should not be left to be done as part of phase 11, except
where a boundary line has to be “surveyed in” (i.e., run down by planetable), or where political boundary
Iines follow public land lines where monuments are to be located by photogrammetric methods.

(¢) The same work phases are required for shoreline surveys and planimetric maps, except that
additional vertical control and phase 6 are omitted.

153. ProJect LaYouts anp GrapHIC INDEXES

Project limits, determined by the requirements of the Coast and Geodetic Survey, are
indicated graphically on charts or maps of the area. The map limits are then laid out
within the project limits to conform as nearly as practicable to the 15-minute quadrangle
map system of the United States. From this layout or copies of it additional operational
plans and graphic indexes are made.
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TasLe 1.3.—Chronological outling of field party and photograpumetric ofice operations for photogrammetric mapping
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(d) Project instructions for
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fice compilation.
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graphs, graphs. |

3. (a) [ecovery of horizontal sta- i
tions and their marking on ;
field photographs.

(b) Horizontal control sarveys
and marking the newly es-
tablished horizontal stations
on field photographs.

3. (a) Determination of radial-plot
areas.

(b) Requests to field for any ad-
ditional contrel which may be
required,

(¢) Radial plot.

5. (a) Recovery of vertical stations
and their marking on field
photographs.

(b) Vertical control surveys and
marking the newly estabh-
lished vertical stations on :
field photographs. ’ ‘

Contouring. 1 bined
7. Ficld inspection, 5““‘"‘" et i

8. (a2) Graphic compilation of map
manuscripts.

(8) Compilation and <contouring

by steresscopic  instruments,

. . i
0. Review and correction of map |
manuscripts.

1), Inspection and reproduction of
map manuscripts for field edit.

11. Field edit and accuracy tests. 11. Revision of the manuscripts after
field completion.

12, (@) Final review.
(B) Smooth drawings.

13. Reproduction.

3 Whenever a photogrammetric office is supervising thz field operations, this work is t0 be done in the photo-
grammetric office and net by the field parties.



TOPOGRAPHIC MANUAL~—PART II 37

All layouts and graphic indexes of photogrammetric projects are made in the
Washington Office by the Division of Photogrammetry. Copies of the various layouts and
indexes are forwarded with the project instructions so that photogrammetric offices and
field parties can carry out effectively and systematically the required operations.

The layouts and indexes made in the Washington Office for each project, as discussed
under subsequent headings, vary somewhat as to format and scale, depending on the type
of project, the amount of detail to be shown, and the maps available for making them.
The map layouts, horizontal control indexes, and photograph indexes are often combined
into one project index. This index is made on topographic quadrangles where these are
available and photographic copies, at a reduced scale, are forwarded to the field parties
and photogrammetric offices. Where no maps exist for the project area, the diagram is
made on a mosaic, or on a specially prepared reconnaissance sketch,

1531, Shoreline Survey Lavouts

The scale and sheet limits of shoreline survevs are generally the same as specified for
planimetric maps, in 1532, except little attention is paid to quadrangle limits., However,
the projections shall rarely, if ever, be skewed.

1532. Planimetric Map Layouts

To conform to the quadrangle map system of the United States, planimetric maps at
the scale of 1: 10,000 will generally be laid out to embrace 334 minutes of latitude and 7%
minutes of longitude or vice versa; at the scale of 1:20,000 they will generally embrace
714 minutes of latitude and 15 minutes of longitude or vice versa. (See fig. 1.17.) How-
ever, where the coastline is very irregular, is indented by bays, rivers, and other bodies of
water, or includes off-lying islands, such layouts are not always practicable, and the limits
must be adapted to the configuration of the land, but they must not be skewed.

The field compilation scales and the publication scales of planimetric maps of the
coastal areas of the United States are usually the same as the scales of the hydrographic
surveys of the adjacent waters—generally 1: 10,000 or 1: 20,000 and exceptionally 1: 5,000.

1533. Topographic Map Layouts

The topographic maps of the United States are laid out to constitute a topographic
atlas. For this purpose quadrangles bounded by parallels of latitude and meridians of
longitude are used as the subdivisions of the country. Where an area, whatever its size,
is subdivided, it is divided into quarters.

The compilation scale for coastal topographic maps is rarely smaller than 1: 20,000, and
in many areas the high-water line and adjacent areas are surveyed and compiled on a
scale of 1:10,000 or larger, depending on the requirements of the corresponding hydro-
graphic surveys and the nautical charts. These maps are published at a scale that provides
a reduction from the compilation scale, but rarely at a scale smaller than 1:31,680 (1 inch
= a half mile).

Figure 1.18 shows a project layout of standard 77-minute topographic maps.

837982°.—50—4
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1534. Registry Numbers

A registry tiumber is assigned by the Washington Office to each map in order to
facilitate the correct and quick identification of that map. These numbers are assigned
when a project is planned and are shown within the respective map limits on the project
layouts. Such a number (T-8401) consists of the capital letter T (serving to distinguish
between topographic and hydrographic surveys, the numbers of the latter beginning with H)
followed by a hyphen and a four- or five-digit number. This number has no geographic or
calendar significance. 'When a map is divided into two or more parts for delineation, each
part shall be identified by the same registry number followed by a brief code to indicate the

individual part of the total subdivisions, as T-8401(I;‘—Y), which would be the northern half
of T-8401. i

The assigned registry number is shown in 12-point lettering as part of the manuscript
title which appears in the lower righthand corner of each map manusctipt.

Map manuscripts shall be referred to by their registry numbers in all records, Descrip-
tive Reports, and correspondence. In Descriptive Reports and all special reports and records
that are retained permanently all references to registered maps, except those of the specific
project, shall be by registry number followed by the year date in parenthesis, as T-8401
(1947).

1535. Names of Topogravhic Maps

Each standard topographic quadrangle map in the United States is named for a
prominent geographic feature on that map. The United States Geological Survey is the
authority for these names. Provisional names have already been assigned to most of the
15-minute quadrangles in this country but not to the 7-minute quadrangles.

As it is not always practicable to select the most appropriate name for a quadrangle
before it is mapped, the provisional names are often changed after the more accurate and
detailed information resulting from the survey is available. For instance, the survey will
sometimes prove that the feature for which the provisional name was selected is actually
outside the limits of the map. Therefore, the names of topographic maps are selected by
the Geological Survey during the final office edit stage. No recomtiendations for quad-
rangle names are ordinarily required from the field parties. Only in a case where there is
doubt as to the most appropriate name or in a case where there is no apparent name will
this Bureau be asked to make a recommendation. In such a case the field-edit party will
be specifically instructed to investigate the situation and make the recommendation.

1536. Graphic Photograph Indexes

For each project, graphic indexes of aerial photography are made in the Washington
Office. These indexes are used to locate and identify individual photographs and to
determine whether the project area has been adequately covered by photographs according
to the instructions and specifications, The adequacy of overlap of nine-lens photographs can
generally be determined from a carefully prepared photograph index, On the other hand
the adequacy ol overlap of single-lens photographs shall always be determined by laying
out contact prints as a mosaic. Where the photography is inadequate for any reason, the
index can be used as a flight map on which to show the required reflights. In addition
to the standard photograph indexes, a special index at a reduced scale (smail enough to be
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Ficure 1.18.—Graphic project index.

bound conveniently with project instructions) showing only the map layout, and possibly
the aerial photography, for a particular project is useful.

Nine-lens photographs can be indexed best on a copy of the map layout of a project.
(See fig. 1.18.) Where possible, each exposure is located by comparing the detail on the
photographs to the topography on the map. Where this cannot be done, as many photo-
graphs' as possible are located individually.- The .remaining photographs are spaced
between the former and adjusted to the few topographic features along the estimated flight
lines. A templet indicating the area covered by a single photograph is often used for this
purpose and is excellent for checking the adequacy of the forward and side lap. To deter-
mine the size of the templet to represent a photograph on a map, the dimensions of the
photograph are multiplied by the ratio of its scale to the scale of the map; for example,

10,000
X 8,50

The dimensions of a nine-lens photograph are 354 by 35.4 inches, so the corresponding
templets are made 5.66 by 5.66 inches in size for a photograph scale of 1:10,000 and a
map scale of 1:62,500. Where great accuracy is required, the exact scale of the photography
must be determined and used instead of the scale specified in the project instructions.

After the map position of the center of a photograph is located and marked by a small
circle as accurately as possible, the number of the photograph is shown alongside it. The
flight lines are also shown graphically.

354 = 5.66"
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The index of single-lens photography will generally be a reduced reproduction of a
mosaic of the actual photographs. To make such an index, the photographs are laid to
form a shingle mosaic which is then photographed and reproduced at a reduced scale
{usually about 1 mile to the inch) suitable for index purposes.

In addition to these project photograph indexcs the Coast and Geodetic Survey has
completely indexed all photographs in its files on sheets 18 by 24 inches, each including
1° of latitude and longitude in the United States, and 1° of latitude by 2° of longitude
in Alaska.

1537. Graphic Horizontal Control Indexes

Graphic horizontal control indexes include both triangulation and traverse stations
and show as completely as possible all the available horizonta! control that is likelv to be
useful in planning the photography and in controlling the acrial photographs of a project,
including any control established by other agencies, such as the Corps of Engineers, the
Geological Survey, or various State geodetic surveys. Some horizontal control stations
may be omitted in certain local areas where the control is extremely dense.  Newly estab-
lished control stations are added in the photogrammetric and field offices.

A part of such an index is shown in figure 1.18. Each station on the index is referenced
by number to the station name which is included in a typed list in some convenient place
on the index. '

It does not follow that any horizontal control station shown on these indexes may
be used in connection with the establishment of additional geodetic control because some
of them may not be sufficiently accurate for this purpose, and some may not be adjusted
to the North American 1927 datum.

Copies of triangulation diagrams showing Coast and Geodetic Survey triangulation
stations adjusted on the North American 1927 datum will ordinarily be forwarded with
the project instructions. These diagrams show all stations, the main scheme lines that
have been observed, and the station names. They are referred to constantly in photogram-
metric offices. State maps showing this horizontal control are ata scale of about 1:800,000
and are references for interior control; the scale of the diagrams of the coastal areas is
approximately 1:120,000.

1538. Graphic Vertical Control Indexes

To avoid unnecessary confusion, vertical control should generally not be included on
the horizontal control indexes; separate graphic vertical control indexes should be made.
The systematic recovery of bench marks in the field is facilitated by these indexes, and
they are used in the photogrammetric office to check the completeness of this phase of
the field work.

Graphic indexes of the vertical control established by this Bureau are made by the
Division of Geodesy. As these indexes are at a relatively small scale, the positions of
the bench marks cannot be shown—only the level lines are shown. The principal level
lines are named, as Fort Pierce - Punta Gorda (indicating that the line was run between
these two localities). Where many lines are concentrated within a small area, that area
is given a suitable name and the lines within that area are numbered.

The Division of Photogrammetry will generally prepare for each project a special
graphic index on large-scale maps or mosaics showing the positions of the bench marks. In
addition to the bench marks established by the Coast and Geodetic Survey, those of the
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Geological Survey and State geodetic surveys that are tied to the federal net are shown.
If such an index is not prepared by the Division of Photogrammetry, it shall be prepared
by the field party and copies of it shall be furnished to the photogrammetric office.

1539. Graphic Project Indeczes

A graphic project index is an integration of the project map lavout, photograph index,
and horizontal control index. It is furnished by the Washington Office for each project,
generally at the scale of 2 miles to the inch. Because this index is in constant use, it
should be cloth-backed. The Washington Office will furnish on request cloih-backed
copies of any index prepared there.

Where special vertical control indexes are lacking, recovered bench marks can be
indicated on this graphic project index from which supplemental levels can then be
planned.

For field parties and photogrammetric offices this index is important and necessarv
to show graphically the relationship of the various work phases to each other—their plan
for execution, progress, and completion. It can also be used Ly field parties to indicate
the following:

(a) Receipt of field photographs.

(b) Recovery of horizontal control,

(¢) Distribution of control on each photograph.

(d) Assignment of field survevs by map limits to subparty chiefs.

(¢) Transmittal of all field data for each map manuscript.

Photogrammetric offices can also use this index to indicate the following graphically:

(a) Receipt of office photographs.

(b) Receipt of control data and identified stations from feld party.

(c) Determination of the adequacy of the control with reference to the photographs and the
map limits,

(d) Placement of additional required control.

(e) Location of radial-plot limits.

(f) Assignment of map manuscripts for delineation.

(9) Completion and transmittal of map manuscripts.

(%) Indication of junctions.

A graphic project index is shown in part in figure 1.18, I’ield and photogrammetric
offices can indicate the receipts of their respective field and office photographs by filling the
proper small photograph circles with ink. \When a control station is recovered and iden-
tified, its circle is also filled with ink; however, this ink must be translucent in order not
to obliterate the key number.

Approximations in the locations of the horizontal control stations and the photograph
centers should be allowed for in determining the need for additional horizontal contrcl
or its placement.

154. ProJEcT SOURCE MATERIAL

The Washington Office furnishes certain source material or data for each project
to supplement the project instructions and to ensure that the same information is available
to the Washington Office, the photogrammetric offices, and the field parties. Copies of
the following source material are usually furnished: geographic positions or coerdinates
and descriptions of horizontal control; descriptions and elevations of vertical control ; maps,
charts, and surveys of the area; and any other available data useful in carrving out the
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instructions, Some of these data must be further indexed and cataloged by the photo-
grammetric offices and field parties so that all employees can make full and systematic
use of them.

Adequate index systems are necessary for the efficient operation of photogram-
metric offices and field parties. Their use reduces the time spent in locating misplaced
material and ensures that all available source material and data are used.

1541. Photograph Card Indexes

Photogrammetric offices and field partics should keep a record of each photograph
and diapositive received. A card index is most satisfactory for this purpose. Photo-
grammetric offices should have separate files for office and field photographs.  Only one file—
for ficld photographs—is needed by a held party. See 1572 regarding the numbering of
field photographs.

A card is made for each nine-lens photograph when it is received from the Wash-
ington Office, giving the photograph number, date of receipt, project number, and any
other information desired by the Officer-in-Charge. TFurther transmittals of the photographs
should he recorded, giving the dates and destinations. If there are several prints of the same
nine-lens photograph, these may be individually identified by numbers suffixed to the photo-
graph numbers, such as 12722-1, 127222, 12722-3, etc.

Card indexes should he kept for single-lens photographs and diapesitives, but it
is not always necessary to number each duplicate print. It is suggested that the photographs

and diapositives for a single map be grouped on a card ; however, any system of indexing may
be used that will provide a satisfactory record.

1542. Control Records

Photogrammetric and field offices repeatedly use the geographic positions or coordi-
nates and descriptions of the horizontal control stations and the descriptions and elevations
of the vertical control stations in a project area. These data must be filed systematically
for easy reference.

The Coast and Geodetic Survey publishes geographic positions and coordinates on
sheets approximately 5 by 8 inches in size, indexed alphabetically by States. For office
use these can be filed in ring binders of suitable size entitled as follows:

Project Ph-9 (46)
Geographic Positions
C. & G. S. Triangulation and Traverse
Flerida

Project Ph-9 (46)
Coordinates
C. & G. S. Triangulation and Traverse
Tlorida

The alphabetical indexes of the positions should be requested from the Washington Office
if they do not accompany the data.

Descriptions of these horizontal control stations are published on both sides of letter-
size paper. The original descriptions and all subsequent recovery information available
are included. They are grouped by areas and issued in numbered pamphlets with a title
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to identify the area, such as “No. 424, Florida Keys, South Miami to Tavernier.”” Fach
pamphlet 1s indexed by the Washington Office.

For use in photogrammetric offices the pamphlets and their indexes can be filed in
ring binders of suitable sizes entitled as follows:

Project Ph-9 (46)
Descriptions
Triangulation and Traverse
Florida

For field party use descriptions should be obtained in duplicate and cut up so that
the description of each station can be pasted onto a blank 5- by 8-inch card. Field recovery
data can then be recorded on these same cards, thus keeping together ull recoverv infor-
mation about each station. These cards are filed by map numbers In wooden boxes
marked as follows:

Project Ph-9 (46)
Horizontal Control Descriptions
Map Nos. T-3800 - T-3830

Torida

The descriptions and elevations of vertical control are published in the same manner
as the descriptions of horizontal control. They are generallv arranged in the consecu-
tive order of the bench marks along the line of levels. Lines are grouped together bv
areas and issued in pamphlets. These bench marks must he indexed—by the photo-
grammetric offices if this is not done by the Washington Office. Vertical control data
should be filed in the same way recommended for horizontal control descriptions.

Tidal bench mark data are issued by States in published indexed pamphlets, usable
as 1ssued.

Horizontal and vertical control data furnished by the Washington Office for stations
established by other government agencies, such as the Corps of Engineers, Geological
Survey, and various State geodetic surveys, vary in format, but should be filed and
indexed systematically for most efficient use,

1543. Map Records

After a project has been assigned to a field or photogrammetric office and the instruc-
tions and map layouts have been received, a separate manila folder identified by registry
number should be made for each map in the project. All information and data relating
to each individual map shall be placed in such a folder and filed for reference and use.

1544. Maps and Prior Surveys

- Copies of maps and prior surveys of a project area which are believed to be useful
in connection with the project will be furnished to photogrammetric offices and field
parties by the Washington Office. The project instructions will specifv what basic use can
be made of these maps and surveys. Such source material is usually limited to copies of
maps, surveys, and plans of the Coast and Geodetic Survey, Geological Survey, Corps of
Engineers, Bureau of Land Management, Department of Agriculture, and Post Office
Department. Copies of maps showing the boundaries of political subdivisions and incorpo-
rated places, specially prepared by the Census Bureay, are also furnished.
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The field party must be alert to its responsibility to discover locally maps, blueprints,
or copies of surveys that may serve as source material and which are unknown to the
Washington Office. Where the use of such data requires an amendment to the project
instructions, the Washington Office should be informed of the potential value of the new
data with a recommendation as to its use,

Any such maps or copies of surveys used by the field party in connection with a
project shall be forwarded with other field data to the office compiling the project.

All such map and survey data must be filed for ready accessibility and use. Field
parties rarely have chart cases or filing cabinets large enough for filing such maps. They
can often be bound together for use in the field in covers made of heavy boat sheet or
drawing paper. Although photogrammetric offices have filing accommodations for such
material, it is better for any such material in active use to be bound as above and not filed
so that its use will not be overlooked.

155. CrassiFiep Data

The term “Classified Data” or “Classified Information” means official information—
generally in the form of photographs, plans, or maps—the security protection of which is
necessary for the national welfare. Classified data may be TOP SECRET, SECRET,
CONFIDENTIAL, or RESTRICTED, depending on the degree of protection necessary
to safeguard it.

Coastal mapping projects often include military reservations or other areas, or
installations within these reservations or areas, the existence of which may be classified, or
information about which may be classified. In such instances certain of the photographs,
plans, or maps furnished by the Washington Office will be classified. Further, the photo-
grammetric field parties may obtain classified source material for a project. Classified
material will ordinarily be designated as “RESTRICTED” or “CONFIDENTIAL.”
Qccasionally such material may be designated “SECRET”; TOP SECRET material
probably will never be used.

All classified material submitted to the custody of a field party or photogrammetric
office shall be safeguarded in accordance with Department of Commerce Administrative
Order 207-2 dated 14 December 1948, and published in Part 2 of the Department of
Commerce *Manual of Orders.” A field party or office handling such material shall have
a copy of Administrative Order 207-2 and shall safeguard all classified material in accord-
ance with that order. The regulations contained therein are in considerable detail. They
are summarized below:

1. No person is entitled to knowledge, or possession, of classified information solely by virtue of
his office or position, Such information will be entrusted only to those individuals whose official duties
require such knowledge or possession.

2. In working with classified information, the handling of SECRET and CONFIDENTIAL mate-~
rial will be held to the absolute minimum. Only that portion of such material necessary for appropriate
official action shall be released to any employee. When not in actual use by, or under the direct
observation of, an authorized employee, it shall be filed from view, During field surveys when it
is necessary to discuss classified information with persons outside the Bureau, SECRET or CONFI-
DENTIAL information shall only be discussed with or shown to the official in charge of the
particular reservation or area, or his authorized representative. Restricted information shall only
be discussed with or shown to officials of the executive branch of the Government.

3. Classified information shall not be released to individuals outside the Bureau except on written
authority obtained through the Washington Office. ‘



46 U. 5. COAST AND GEODETIC SURVEY

4. When transmitted, SECRET and CONFIDENTIAL material shall be enclosed in opaque
inner and outer covers. The inner cover shall be sealed and plainly marked with the assigned classifi-
cation, the outer cover shall be sealed and addressed with no indication of the assigned classification,
For SECRET material, a receipt shall be attached to the inner cover or to the muterial itself, to be
sizned by the addressee and returned to the sender. Receipts are not necessary for CONFIDENTIAL
material but may be unsed if the sender deems it necessary. RESTRICTED material may be enciosed
in one cover only.

5. SECRET and CONFIDENTIAL material shall be rransmitted by registered mail.

6. In photogrammetric offices SECRET and CONFIDENTIAL material shall be fled in metal
field cabinets with combination locks, or in steel lock-bar and padlock-equipped cabinets, when not
in use. \When mobile field parties have such material, it shall be locked up when not in use, and
shall be forwarded to the photogrerametric office or the Washington Orfice as soon as the necessary
field work has been completed.

156. OrbperING PHOTOGRAPHS

To order aerial photographs properly, the identifying marks on nine-lens and single-
lens photographs must be understood.
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Ficure 1.19.—Key 1o data stamped on single-lens aerial photographs.
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Nine-lens photographs are numbered consecutively without reference to year, date, or
scale so that any photograph is uniquely identified solely by its number. With reference
to the direction of flight this number is in the forward right-hand ccrner of each photo-
graph in chamber no. 7.

Each single-lens photograph has an identifving code legend (fig 1.19) across its for-
ward edge in the direction of flight. The last three parts of this code—vear, camera letter,
and photograph number—are essential for the identification of any single-lens photograpt.

The code letters for the various cameras are: [Lode
Original nine-lens camera (all photographs prior to September 1, 19435 ____________ A
Rehuilt nine-lens camera (all photographs after September 1, 1945y _______________ B
Fairchild F-51—6" Metrogon lens_ . __ C
Fairchild K-17—12" lens_ ____ e D
Fairchild K-17—40" lens__ G
Fairchild K-17—6" Metrogon lens._______________ _____ ________________. T
Fairchild Cartographic—6" Metrogon tens_____ _____________ . ____ . _______. O

Camera “G” was borrowed for experimental photography and is no longer used. See
22 for descriptions of the cameras listed here.

Form L-~1-3, Photogrammetric Laboratory, in duplicate, is used in ordering all photo-
graphs, including rectified nine-lens and single-lens photographs and diapositives.

In using this form, the type of photograph must be indicated. For nine-lens photo-
graphs the type of paper and whether the photographs are to be mounted must be stated.
The single-lens photographs must be identified by the three parts of the code number; the
type of paper and whether contact or ratio prints are wanted must be indicated. For ratio
prints a ratio less than unity (as 0.95) signifies a reduction, and a ratio more than unity
(as 2.05) signifies an enlargement.

Photographs should be ordered as soon as the need for them is definitely known, and
the date they are needed should be given on the form. When certain photographs are
urgently needed, they should be ordered on a separate form to receive prompt attention
and not included on the same form with a large order which may take considerable time
to complete. .
157. PnoroeRarris ror FiELD WoORK

1571. Field Photographic Charts

To use field photographs most advantageously, a chart showing the phases of opera-
tion to be executed on the different photographs is excellent. This chart helps ensure
the systematic completion of the various field operations for an entire map and shows the
photograph junctions to be made on adjoining maps.

Figure 1.20 shows a typical field photograph chart; only a sketch is necessary.
Such charts or sketches are particularly helpful where planetable contouring is done on
photographs. The charts can best be made by the field party when the photographs are
prepared for field work,
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Ficure 1.20.—~Field photograph chart,

1572. Field Photograph Preparation

Generally one print of each photograph within a project is forwarded to a field party
with the project instructions or soon thereafter. With these photographs and instruc-
tions, the Officer-in-Charge can determine the most suitable usage and the most economical
number of prints of each photograph that will be required to execute the assigned field
operations efficiently. Nine-lens photographs are costly, and duplicate prints must be
ordered with conservatism; on the contrary, there should be no hesitancy in ordering as
many copies of single-lens photographs as are needed.

Where practicable, the field work of each map should be complete in itself—that is,
any one photographic print should contain field work for only one map. The limits of the
area to be worked in the field on each photograph should be outlined in light red pigment
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ink with the number of adjoining photographs in the margins. Map imits with their
latitude and longitude should be inked in yellow pigment ink as accurately as possible on
all photographs on which they fall. To allow for possible discrepancies in the location of
the map limits, a narrow zone of overlap should be provided; a light red line should be
shown outside the yellow line to indicate this overlap. No such factor of safety need be
allowed for photograph junctions within the limits of a map; therefore the lines indicating
working area limits must be accurately transferred to other photographs to avoid leaving
any area unsurveyed. :

If planetable contouring is to be done on photographs in the field, the drainage and
ridge lines should be previously inked under a stereoscope. Only experienced photo-
grammetrists shall be assigned to this duty. The drainage lines should be in white pigment
ink and the ridge lines in red waterproof drawing ink.

For the convenience of the unit chiefs the azimuths of adjoining photographs along
the line of flight should be established and inked on the field photographs. This will
facilitate crienting the photographs properly for stereoscopic study in the field.

Where nine-lens photographs are to be used on planetables, they should be trimmed
to fit the planetable boards and to facilitate handling. This may be done by centering a
templet of clear acetate sheeting the size of the planetable over the working area of the
photograph, Because photograph coverage is practically never symmetrical with the map
layout, many of the photographs will not be cut symmetrically about their centers; there-
fore each print should be trimmed only after its usage has been determined and the net
working area inked. The edges of the trimmed nine-lens photographs should be reinforced
by a border of 1%4- or 2-inch gummed paper tape on the back of the photographs.

When a nine-lens field photograph is trimmed, the photograph number must be
replaced. Each nine-lens photograph is identified by stamping its number in the four
corners on the face of the photograph—all numbers oriented to be read when the south side
of the photograph is toward the user. The map number shall be stamped on the face of the
photograph in the middle of the northern edge. Red fountain pen ink used on a stamp
is satisfactory. The ink will adhere better to the photographs if spaces are erased with a
pencil eraser before the numbers are stamped. A numbering stamp that has had an
alphabet strip substituted for the last number strip is convenient.

Photo. No Print No of
Date. Time
Tide; Mean Range
Stage....oooce i erninreerne e nndbOVE MLW
for map No.(s)
Field Work by ............. e er e e s e ettt
( ) Recovery F. Insp.
( ) Levels Topo. (
Started.................. Completed

Examined and Approved:

Ficure 1.21.—Field data stamp,

The stamp in figure 1.21 is stamned on the middle of the back of each photograph by
the Washington Office with the date and time information supplied; other pertinent
information is to be supplied by the field party. When field data are recorded on more than
one print of a particular photograph, the first print is designated “1,” the second “2,” etc.,
and the number ot prints of that photograph on which field data are recorded is indicated on
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the first line of the field data record (figure 1.21); as for example, “Photo No. 1174R-2.
print No. 2 of 3”. When two or more prints of a field photograph are issued but data are
recorded on only one, the extra prints are not designated as stated ahove.

158. ADEQUACY OF PHOTOGRAPHY

General specifications for aerial photography are given in chapter 2, and the laborators
processes are mentioned.

The Washington Office inspects the photograph coverage for its adequacy and the
photographs for develo,.ing and printing imperfections. Supplemental instructions will
be written for additional photography to take care of any known deficiencies. Photographs
that do not conform to the specifications will generally only be furnished when thev are
sufficiently satisfactory for their proposed use.

Any imperfections in the photographs or photograph coverage that will adverselv
affect the ficld or office compilation of maps should he reported to the Washington Office;
however, it must be understood that the ideal from the view of the photogrammetrist
cannot always be obtained, and consequently, imperfections in the photography must
occasionally be compensated by extra work by the field parties or in the photogram-
metric office.

159. Contror PranniNG

Control is a collective term for a system of marks or objects on the earth whose
horizontal positions and/or elevations have been determined. A control point is the image
on a photograph, ‘or the mark or symbol on a map, corresponding to a control station
which is a specific mark or object on the ground whose position and/or elevation has
been determined or is to be determined.

Table 1.4 shows the relation of the various control terms. Each term has a meaning
which excludes all other terms in the same vertical column. Generally the terms are
classified with respect to the method used for determining the position or elevation.
“Station” and “point” have restrictive meanings—the former is an object or mark on the
ground, and the latter is an image, mark, or point on a photograph or map. Therefore,
for each station there is a corresponding point.

A triangulation station is an object, whose geographic position has been determined by
angular methods with geodetic instruments. It must be located with first-, second-, or

_third-order accuracy (see pp. 1 to 5, Special Publication No. 145). A triangulation station
may be especially marked or monumented or it may be a conspicuous natural or man-made
object.

A traverse station differs from a triangulation station principally in that its position is
determined from another known point by linear measurements controlled in azimuth by
angular measurements, instead of by angular methods solely.

A topographic station is a definite object on the surface of the earth, whose geographic
position has been determined by graphic methods, usually by planetable or photogrammetric
methods.

Classed also as topographic stations are those located by geodetic methods but with
less thon third-order accuracy, as stations located by: (a) theodolite three-point fix
without a check angle, (b) unclosed traverse, (¢) a combination of traverse and triangula-
tion, (d) any method that depends in part on floating or movable objects, (¢) anv method
that depends on solar azimuths and (f) no-check intersection stations when the methods of
observation do not indicate third-order or higher accuracy.
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A topographic station may be recoverable, if it is marked by a standard station mark
or is a conspicuous natural or artificial object; or it may he temporary.

Descriptions are written of recoverable topographic stations,

Control stations constitute the framework on which a map compiled from aerial
photographs is fixed in its correct geographic position, azimuth, level datum, and scale with
reference to the earth. Before the location and establishment of this control can be
adequately planned, the Coast and Geodetic Survey requirements for control must be
known and understood. Therefore, the purpose of the following headings is to state in
general terms the control requirements for mapping by photogrammetric and field methods
so that the accuracy of the completed maps meets the accuracy requirements of the Coast
“and Geodetic Survey and the National Standards of Map Accuracy.

The control station requirements within a project vary considerably, depending on
the map specifications, the photogrammetric plotting method, and the terrain. In general
the number of control stations required increases as the accuracy of the map is increased.

The control requirements for a mapping project are usually determined in the Wash-
ington Office, but in some cases the project instructions may specify that the control
requirements be planned in the photogrammetric office. Regardless of how carefully the
control is planned prior to beginning the surveys, some changes are usually necessary
as the work progresses. Often several control stations can be established more economi-
cally in practical locations favorable to surveving than one station can be established in
a location most favorable to theoretical photogrammetry. Thus, after field work has
been started, the field party and photogrammetric office must cooperate fully in making
such adjustments to control plans as will promote the highest possible efficiency in field
work in keeping with the accuracy standards. This cooperation is necessary since field
conditions will never be quite the same as they are visualized when the work is originally
planned in the office.

The Washington Office forwards the necessary layouts, specifications, positions and
descriptions of control, and indexes to the field parties with the project instructions.
Vertical and horizontal stations just beyond the project limits may be used in controlling
the photography or in establishing additional control and will be furnished with the control
data for the project. These data are intended to be complete, but they should be carefuilv
checked for completeness and the Washington Office should be informed of any deficiency.

1591. Horizontal Control Requirements for Hand-Templet Radial Plots

Minimum ground control requirements for photogrammetric mapping are discussed
under subsequent headings. These requirements are stated in general terms, for many
variations are usually possible in planning the control for a specific project. Therefore,
the requirements as stated herein are neither the bare minimum that might be acceptable
in extreme circumstances nor do they represent the desirable number of stations where
control is plentiful.

In the following discussion of requirements, the term “control stations” should be
interpreted as meaning “stations exactly identified on the aerial photographs.”” This should
be obvious but is sometimes overlooked.

For one strip of single-lens or nine-lens photographs not overlapped by adjacent
strips, two stations—one on each side of the flight line, and preferably three to provide
a fix—are needed at each end of the strip. These stations should be in the overlap of the
first and second photograph at each end of the strip. Additional stations are needed along
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the flight line so that at least one is within every third to fifth photograph along the
flight, and three stations to provide a fix are desirable about every eighth or tenth photo-
graph. The stations along the flight should be distributed so that alternate stations are on
opposite sides of the flight line.

Control stations should not be close to the flight line. A control station close to the
flight line fixes the azimuth but does not control the distance, or spacing, of the photo-
graphs along the line. Such a station will provide control for both the azimuth and
distance only where it is nearly opposite the center of a photograph. A control station
halfway between photograph centers should be distant from the flight line at least one-
fourth the distance hetween photograph centers; otherwise, the intersections will be too flat.

Where it is impracticable to establish or to identify a needed control station, field
parties should always try to provide single cuts or azimuths to features identified on the
photographs. An azimuth observed from a known station to an object identified on the
photographs provides control for the radial plot in one direction and a judicious use of
azimuths often will compensate for an omitted control station. Azimuths normal to the
flight line control the distance or spacing of photographs along the flight and those
parallel to the flight line control the azimuth of the plot. This use of azimuths also applies
to radial plotting with mechanical templets.

In planning control for larger areas involving several parallel flight strips, the outer
strips require about the same control as a single flight strip does. The ends of alternate
strips should be controlled by one or two stations and, throughout the radial-plot area,
alternate strips should be controlled by one station every five or six photographs along
the flight line. ,

Three-point fixes for certain photographs in a flight strip have purposely been omitted
as a requirement. Such fixes are not essential, but they are desirable, and where a
plethora of control exists they should be provided at the ends of flight strips where two
stations are called for in the preceding paragraphs, and cccasionally along flight strips, about
every eighth to tenth photograph. For an areal plot all control stations except those in
the outer strips should preferably be in the overlap between flight strips.

Where the coastline is very irregular, and particularly where many off-lying islands
are to be mapped, the preceding specifications must be qualified; in fact, no theoretical
requirements are likely to be adequate. However, the following facts may be helpful in
planning control for such areas.

(a) Where the center of a photograph is in the water, the radial plot cannot be carried through
_that photograph and the flight line must be considered as broken into segments; each segment will

require control as discussed in preceding paragraphs. Where the center of a photograph is in water
very close to land, it may be considered an exception to the general statement.

(b) A balanced radial plot requires pass points on both sides of the flight line, Where most of
one side of a flight line is over water for any appreciable distance additional control will be necessary to
strengthen the plot.

(c¢) Where a relatively small isolated island is covered by two or three photographs in a strip,
a minimum of three control points should be provided. Theoretically, the plot of two or three photo-
graphs can be based on two stations, but a third is needed as a check. Occasionally, a small isolated
island is covered by a single photograph. Such a photograph can be rectified and used to compile
details accurately in one datum plane, as, for example, the shoreline, but this requires a minimum of three
control points whose horizontal positions and elevations are known, and these must not be on a line with
one another.

The horizontal control requirements are the same for hand-templet radial plots for
single-lens and nine-lens photographs, but the areal density of the stations is hardly com-
parable because of the differenice in size of the photographs.

837982°—50—35
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1592. Horizontal Control Requirements for Mechanical-Templet Radial Plots

Mechanical templets are almost never used in radial plots of nine-lens photographs
because the extremely long arms of the spider remplets tend to hend, and with slotred
templets the studs tend to cut inro the sides of the siots and to bind the templets. There-
fore this discussion applies only to single-lens photography.

Mechanical templets are most advantageous in radial plots of areas covered hy
parallel flight strips with satisfactory forward and side lup. Generally it is not pracricable
to use mechanical templets in plotting single flight strips or where adjacent strips do not
allow the pricking of pass peints in the common overiap between flights.  [or single
strips the same number of horizontal stations is required for hand-templet and mechanical-
templet radial plotting, but a more logical adjustment can be made with hand templets.

A mechanical-templet plot is sufficiently rigid only within the area bounded by control :
thus there should he horizontal stations at the limits or just outside the limits of the radial-
plot area. This horizental control should be supplemented by a sufficient number of
horizontal stations within these limits so that the assembled templet plot cannot be moved
appreciably.

For a mechanical-templet plot of single-lens photography where the area is covered
with parallel flight strips of adequate overlap the minimum requirements for control are:
The periphery of the area must be controlled by a horizontal station in the end or next
to the end photograph of every other flight strip and by a horizontal station in about
every fifth photograph in the two outer flight strips. The interior is adequately controlled
by a horizontal station in about every sixth to eighth photograph of each alternate flight
strip. For a mechanical-templet plot all control stations except those in the outer flight
strips should preferably be in the overlap between flight strips.

1593. Horizontal Control Requirements for Multiplex Bridging

With the multiplex, photographs are plotted and compiled in single flight strips of six
or more photographs per strip or unit, depending on the length of the multiplex bar and
the number of projectors available. One horizontal station is required in the overlap area of
both the first pair and the last pair of photographs of multiplex strips; however, two
stations are preferable.

In general, multiplex bridging between horizontal ground control stations should
not exceed eight to ten photographs or projectors. In some instances, as illustrated in
figure 1.22, the establishment of additional ground control can be avoided by taking
cross strips of photographs between the existing control stations. These cross strips are
then bridged on the multiplex and points are established to control the main strips of
photographs. In figure 1.22, each of the long parallel strips of photographs must be
bridged in three sections of eight to ten photographs each, thus requiring additional traverse
or triangulation. In this case the additional control will not be required if two cross strips
of photographs are taken as illustrated.

Occasionally, when the cost of establishing control is high or the area to be mapped
is relatively unimportant, it is justifiable to leave an inner strip partly controlled where
it is between controlled strips.

To compile maps with well-defined points of detail located within 0.5 mm. (0.02 inch)
of their true position at the scale of the map manuscript (not the multiplex instrument
sheet), the multiplex strip should not exceed eight to ten projectors between horizontal

stations.
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Occasionally, a well-controlled mechanical templet plot is used to break down the
horizontal control and to provide horizontal pass points for the multiplex, but this is not
general practice for mapping of standard accuracy and shall not be done without authority
from the Washington Ofhce.

Along irregular coastlines with many off-lving islands the water areas are often so
large and so distributed as to make impracticable the orientation of multiplex models, or
for that matter, radial plots with single-lens photographs. Such areas require additional
control and are sometimes compiled from a combination of single-lens compilation and
planetable surveys.

1594. Vertical Control Requirements for Planetable Contouring on Photographs

The extent of spirit or trigonometric leveling required prior to planetable contouring
directly on photographs depends on the type of terrain and on the experience of the
personnel of the topographic party. To determine the elevations of points which may be
used as starting points for the planetable, the level lines should be run along roads and
railroads within the project area and along those that lie most nearly along project and
map limits. Elevations are determined of points that can be positively identified on the
photographs. The locations and elevations of the points are clearly indicated on the photo-
graphs in permanent ink.

A level line should not be duplicated along the adjoining map limits; wherever
possible, it should be run for common use on adjoining maps.

The line spacing generally does not need to be closer than 134 miles, but the topog-

rapher should space the lines in the interior of a map where they will be of most advantage
in the contouring. The identifiable elevations should he established along the level lines
at about half-mile intervals, or as frequently as is required for the most economical progress
of the work of the topographer. The frequency often depends on the type of terrain—for
example, where there are steep hills and ravines—and on the availability of well-defined
points on the photograph. .
- In flat terrain where contours are widelv spaced, economv can be gained when
contouring by planetable by spacing the level lines somewhat closer and by determining
elevations every third or quarter mile along each line; such a close network of elevations
allows the planetable man to restrict his operations to the vicinity of each contour—he
can follow each contour instead of makine a complete survev of an area.
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1595. I'ertical Control Requirements for Multiplex Contouring

For accurate contouring by multiplex, a vertical station that can be positively identified
on the photographs is required in each of the four corners of each stereoscopic model. In
ideal photography a point in the corner of one photograph should also be in the corners
of three other overlapping photographs and in the middle of the sides of two other photo-
graphs. Therefore, the theoretical minimum number of elevations for a large area is
slightly more than one per model. This theoretical minimum must be increased, however,
where there is improper “stagger” of the photographs in the adjoining flights, crab of the
camera, or insufficient overlap; any one of these may require the establishment of control
for each model independent of adjoining models.

Because of unfavorable field conditions, it is occasionally expedient to determine eleva-
tions of stations in only three of the four corners of a model; however, this is poor practice
inasmuch as the multiplex operator’s difficulties are increased and the probable accuracy 1s
decreased. Where elevations are bridged in multiplex work, the accuracy decreases rapidly.

The placement of the vertical stations for multiplex mapping is critical, and each
station must be at or near the point selected on the photographs. There is not the same
great latitude of choice as there is in mapping with the Reading Plotter, Indexes showing
the required elevations are prepared by either the Washington Office or the photogrammetric
office and are forwarded to the field party. Any substituted control point must fulfill the
minimum requirements for multiplex control.

Since level lines or trigonometric levels have to be run to the points specified for
vertical stations (many of which are at some distance from accessible roads or railroads),
additional elevations should be identified along the lines where little extra work is involved,
especially where they will strengthen the control of a model.

1596. Vertical Control Requirements for Contouring with the Reading Plotter

The density and placement of vertical control for contouring from nine-lens photo-
graphs with the Reading Plotter can be stated only in the most general terms. The exact
placement of stations is not so critical as with smaller photographs. The required density
of vertical control depends to a considerable degree on the exactness with which the nine-
lens camera can be calibrated. The recently established Ohic Calibration Area, mentioned
in chapter 6, permits a more exact calibration than was previously possible and this will
undoubtedly result in a decrease in the number of vertical control stations needed.

For 10-foot or 20-foot contour intervals in developed areas, lines of levels are usually
run approximately along each flight line, and also about halfway between and parallel to
flight lines. Elevations are established and identified on the photographs at about 1-mile
intervals along these lines.

For 50-foot or 100-foot contour intervals in rugged terrain, an clevation is required
about every 3 to 4 miles throughout the area to be contoured. These elevations should he
distributed so that some are on the higher terrain and some in the lower parts. The water
surface provides adequate vertical control along tidal shorelines.
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CHAPTER 2. AERIAL PHOTOGRAPHY
21. GENERAL STATEMENT

This chapter describes the equipment, methods, and procedures for aerial photography
for large-scale coastal mapping. The subject is treated in general terms for the information
of Bureau personnel using photographs. This chapter is neither a treatise on the intricate
subject of aerial photography nor an operating manual for flight crews or lahoratory tech-
nicians.,  Specific and detailed instructions are provided for operating personnel in the
form of project or special instructions as needed.

Aerial photography and photogrammetry-—the science of making measurements from
photographs—have developed into a major industry since World War I, and photographs
are now uscd in some manner in practically all mapping. Many types of maps are necessary
in a diverse industrial civilization and aerial photographic equipment has been developed to
meet the needs of each specific type of mapping. No one type of aerial camera or photo-
grammetric equipment is adequate for all mapping purposes. The nine-lens camera of the
Coast and Geodetic Survey was designed specifically for large-scale coastal mapping, but
other cameras are also used by the Bureau.

Aerial photographs for mapping must be taken with proper equipment and in such
manner as to meet the requirements of the specific tvpe of map. The cost of aerial photog-
raphy is generally only about two percent of the total cost of producing a map. Conse-
quently, it is nearly always more economical to take new photographs than to attempt to
use existing photographs that are not exactly suitable for the purpose because of either
age or type. This fact 1s often misunderstood but is supported conclusively by the experi-
ence and cost analyses of mapping agencies over a period of years. For example, normal-
angle photographs taken for land use studies or other purposes are generally not suitable
for stereoscopic contouring and the cost of new photography with the proper type of
camera is saved many times over by the reduction in cost of ground control surveys.
Furthermore, when photographs of the proper type are several vears old, new photographs
may cost less than the ground surveys required to map new features which do not appear
on the older photographs. -

Aerial photographs taken by the Coast and Geodetic Survey are distributed to other
federal agencies, State and local governments, and private organizations and individuals at
the cost of reproduction insofar as the lahoratory facilities of the Bureau permit. Photo-
graphs of classified areas cannot be furnished without specific authorization from the
National Military Establishment in each instance. Either contact prints or ratio prints
are furnished from single-lens negatives, but nine-lens prints are furnished at the original
negative scale only. Information concerning prices and availability of photographs can be
obtained from the Director, U. S, Coast and Geodetic Survey, Washington 25, D, C.

211. Coast anp GEoDETIC SURVEY UsE OF AERIAL PHOTOGRAPHS

Aerial photographs are used by the Bureau in producing accurate large-scale base
maps of the coastline as required for nautical charting, in revising nautical charts, in com-~
piling and revising aeronautical Instrument Approach and Landing Charts and Airport
Obstruction Plans, and for triangulation reconnaissance in Alaska.

2111. Coastal Mapping

Accurate large-scale hase maps of the coasts of the United States and its possessions
are compiled from vertical aerial photographs supplemented by ground surveys. These
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may he topographic, planimetric, or shoreline maps as described in 15. 1ost of the aerial
photographs for this mapping are taken with the ninc-lens camera at scale 1:10,000 or
1: 20,000, although 1:30,000 scale photographs are used in some parts of Alaska. Single-
lens photographs at contact scales from 1:5,000 to 1: 40,000 are also used.

2112. Nautical Chart Revision

The shoreline and land details on nautical charts must be frequently revised because
of continual changes in the coastline, and photographs of changeable areas are taken
periodically for this purpose. Furthermore, photographic missions are constantly alert to
notice natural or cultural changes along the coast and to photograph these areas tor
chart revision. It is neither practicable nor necessary to make new field surveys for each
revision of a nautical chart. The maps mentioned in 2111 serve as base maps for revision
purposes for a number of years before an area must be completely remapped ; map details
generally can be revised from the photographs in the office by holding to unchanged
features on the base map, although limited field-inspection surveys are often necessary to
clarify the photographic detail. Thus, nautical chart maintenance requires that the coast
be adequatelv mapped at a comparatively large scale, and that it be remapped at intervals
ranging from 5 to 20 years, depending on the frequency and magnitude of natural and
cultural changes. In the interim, the charts are corrected from revision photographs and
limited field inspection as often as necessary.

2113. Airport Plans and Charts

Aerial photographs are used in the production and maintenance of aeronautical Instru-
ment Approach and Landing Charts and Airport Obstruction Plans. Obstructions and
dangers to navigation are identified on the photographs in the field, and then practically
all details shown on the charts and plans are compiled from the photographs in the office.
Either nine-lens or single-lens photographs are used for this purpose. :

" 2114. Reconnaissance

In parts of Alaska, where available maps are at small scales and are inadequate in
many instances for either office planning or field surveys, nine-lens photographs are taken
prior to any field work, and mosaics or preliminary planimetric maps are compiled from
these for use in planning and executing triangulation and hydrography. For triangulation
purposes, the mosaics are reproduced at scales of 1:60,000 to 1:100,000. These mosaics
are based on uncontrolled or semicontrolled radial plots which serve to maintain a certain
consistency in scale and orientation in the mosaics. FPreliminary planimetric maps are
often made to provide shoreline and other map information for use in hydrographic surveys
or combined operations. Upon completion of the triangulation and field inspection of the
photographs, the same nine-lens photographs are used in compiling accurate maps of the
coast,
' 212. SEason ANp WEATHER

Aerial photographs must be taken under optimum weather conditions when the visi-
bility is high and the cloud coverage is 10 percent or less. Furthermore, the terrain.
must he comparatively free of snow, and photography of wooded areas must be taken when
the trees are not in full Jeaf. In continental United States, acrial photography is generally
limited to that time of day when the solar altitude is not less than 30° so that the light 1s
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bright enough for proper exposure and so that the shadows arc not inconveniently long.
Dark shadows on steep slopes or bluffs can completely obscure details on the photographs.
The duration of the acceptable solar altitude for photography varies with the scason and
the latitude, but the most suitable time for photography is often limited to 4 to 6 hours
per day.

2121. Weather

Weather is the most important single factor in aerial photography and photography
should be planned to take advantage of the hest seasonal conditions in any given locality.
An exhaustive study of Weather Dureau records for a 37-vear period was made by the
Agricultural Adjustment Administration of the Department of Agriculture, and it was
found that favorable weather for aerial photography varied from an average of 3 days per
month in northeastern United States to 15 davs or more in southwestern United States.
These findings are recorded on a map of the United States which shows graphically the
average number of davs per month in which weather suitable for aerial photography can
be expected in anv part of the countrv. This map and a supplemental table showing
weather variations from month to month are available for use in planning aerial photog-
raphy. The map is reproduced as figure 2.1 by courtesv of the Department of Agriculture.

2122. Photography in Alaska

Aerial photography is particularly difficult in Alaska because of the prevalent bad
weather, and in some areas—the Aleutian Islands, for example—suitable weather is a great
rarity. Because of the high latitude the desirable solar altitude for photography is limited
to a few weeks in the summer season. This condition is further aggravated by the fact
that most of the coastline is precipitous and photographs of it must be taken when the sun
is relatively high or the shoreline is obscured by shadows. ’

Because suitable weather is so infrequent, the requirement for continental United States
that photography must be taken when the solar altitude is more than 30° must be relaxed,
and photographs are taken whenever the light intensity will permit. Shadows on northern
slopes are sometimes reduced by taking the photographs under a light overcast, but this
restricts the altitude of the photography and is only occasionally practlcable

. Weather reporting facilities are comparatively meager and forecastmg for photography
is diffieult. This factor and the scarcity of suitable airplane servicing and base facilities
make it imperative that long-range airplanes be used for aerial photography. A PB-1G
(B-17) airplane furnished by the Coast Guard is used for all Coast and Geodetic Survey
aerial photography (sce also 231).

The nine-lens camera is particularly advantageous for coastal mapping in Alaska
because it provides the greatest coverage at a large scale in the extremely limited time
available for aerial photography.

22. CAMERAS AND MATERIALS

An aerial mapping camera is an intricate instrument designed for a specific purpose
and differs radically from cameras made for press photography, portraiture, reproduction,
or other uses.

For mapping purposes the perspective of light rays entering the camera lens must be
reproduced in the camera without distortion, or the distortion must be exactly known and
compensated for in the subsequent map compilation procedures. Therefore, the lens must
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Ficure 2.1.—Weather map.
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have high resolution and minimum distortion, and the camera must be accurately and
rigidly built to withstand the vibration and temperature changes encountered in operation.
The lens is usually mounted at a fixed distance from the film, where it is focused for best
average resolution of distant details throughout the film area. The lens is tested photo-
graphically in several positions hefore it is finally mounted. The construction of single-lens
and multiple-lens mapping cameras is discussed in some derail in 2222 and 2232, For
hest results the camera is electrically operated and exposures are made automatically at
any selected time interval. An aerial camera is equipped with an exposure counter and
level indicator, and it is mounted i such a way that it can le rotated to compensate for cral,
and leveled in two directions at each exposure. Shutters are of the between-the-lens type
which exposes the entire film area simultaneously. In multiple-lens cameras the shutters
must be exactly synchronized for simultaneous exposure.

Roll film 1s generally used in lengths that permir many exposures on one roll, and
most cameras are equipperd with interchangeable film holders so that film rolls can be
changed in the air. Much effort has heen devoted to reducing film distortion, but it is
perhaps the weakest link in the entire photogrammetric procedure. Film is used in this
country for reasons of economy and convenience but in several European countries there 1s
a tendency to revert to plate cameras for aerial photography to be used in the most accurate
large-scale mapping, particularly where control is to be “bridged” on precise stereoscopic
plotting instruments.

221. Lens REQUIREMENTS

The most important characteristics of lenses for aerial mapping cameras are: (a)
high resolving power, (b) relatively large aperiure, (¢) low distortion, (d) flat image field,
(¢) wide angular coverage. (f) color correction. Some of the characteristics tend to be
mutually exclusive and in the best lenses so far designed no one characteristic is fully
attained without some sacrifice in others. Consequently, the design of a lens is usually a
compromise between the several desirable factors.

(a) High resolving power is essential to provide sharply defined images of natural
and cultural features at relatively small scales so that these features can be correctly iden-
tified and mapped. This is more difficult to attain in an aerial lens because of the large
aperture required and the relatively wide field of view.

(b) Relatively large apertures are essential because of the short exposure required—
the airplane is generally moving at a speed of more than 100 miles per hour and short
exposure intervals are necessary to avoid blurred images due to movement of the airplane
and vibration of the camera.

(¢) Low distortion is necessary in order to retain the true perspective mentioned
in 22, Unfortunately, this fact limits the angular field of the lens since distortion increases
and resolution decreases as the field of view is enlarged.

(d) Flat image field: The lens must focus all details on a plane surface in order to
retain the correct perspective and to give sharp images throughout the whole photograph.
As the angular coverage of a lens is increased it becomes more difficult to focus images in
one plane.

(e) Wide angular field: The cost of photogrammetric mapping is generally directly
proportional to the number of photographs required to cover an area: consequently, photo-
grammetrists have tried for many vears to get the field of view increased in mapping
cameras. This has heen attempted in two ways: by increasing the field of view of a
single-lens camera, and by using multiple-lens cameras, The present wide-angle lens of
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the “metrogon” type with an angular field of about 93° represents a workable compromise
in lens design, wherein the resolution is somewhat less and the distortion is greater than
in a normal lens which has an angular field of about 60°. The amount of distortion in a
wide-angle lens is not sufficient to affect planimetric mapping but does affect stereoscopic
contouring and is compensated for at some stage in the office procedures. For some uses
compensation is attained through the lens of the diapositive printer, and in some instrumentis
the photograph is projected through a lens of similar distortion characteristics, and in
others the principal distance of the plotting instrument projectors is varied in accordance
with the distortion characteristics of the aerial lens.

(f) Color correction: An aerial lens must be corrected for chromatic aberration,
that is, it must focus all colors in the same plane to attain good resolution of details.

222, SiNGLE-LENs CAMERAS

The single-lens cameras owned by the Bureau and those of other agencies whose
photographs are used by the Bureau for coastal mapping are discussed in this section.
For large-scale mapping purposes, single-lens cameras may be divided into two general
classes, (1) the K-17 tvpe with interchangeable lens cones discussed in 2221, and (2)
the precision type designed particularly for stereoscopic contouring. Several different types
of precision cameras are manufactured in the United States, one of which is the Fairchild
Cartographic Camera described in 2222,

The Coast and Geodetic Survey uses the following single-lens cameras:

K-17 camera with 6-inch and 12-inch cones (see 2221).

Fairchild Cartographic (precision camera with 6-inch metrogon lens) (see 2222).
Fairchild F-51 (precision camera with 6-inch metrogon lens) (see 2223).

K-20 cameras (see 2224).

The K-~17 camera is used for mapping by graphic methods and for chart revision
purposes. The cartographic camera is used for photography to be used for stereoscopic
contouring with the multiplex or stereoplanigraph and for other general purposes. The
F-51 camera has been superseded by the cartographic camera except for purposes involving
the special grid discussed in 2223.

2221. K-17 Camera

The K-17 camera manufactured by the Fairchild Camera and Instrument Corporation
has been widely used for mapping in recent yvears and was the standard militarv mapping
camera during the war (sec fig. 2.2). The camera is electricallv operated and fully auto-
matic. It is of proved mechanical design and construction, and is an excellent general
purpose mapping camera applicable to most mapping, with the possible exception of
accurate stereoscopic contouring. The K~17 camera is built to use interchangeable lens
cones of different focal lengths. It takes standard 9- by 9-inch photographs and the film
magazines are interchangeable so that it can be loaded in the air. The usual magazine
capacity is 250 exposures but the manufacturer can supply a magazine with a capacity of
approximately 500 exposures.

The camera is accurately constructed but, because the fiducial marks are on the film
magazines and the lens cones are interchangeable, the focal distance and the relationship
between the lens axis and the fiducial marks are not maintained so exactly as in the
“precision” cameras, such as the Fairchild Cartographic Camera discussed in 2222,
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The Coast and Geodetic Survey operates K~17 cameras with 6-inch and 12-inch cones.
The 6-inch lens is a “Metrogon” and is generally used for planimetric mapping and
revision surveys in open areas where the compilation scale is 1:20,000 or smaller. The
12-inch lens is an *Aerostigmat’ of superb resolution and is used for large-scale planimetric
mapping of congested areas, as in harbors, where definition of detail is extremely important
and where ground control is generally abundant,

Fioune 2.2—K-17 camera with 12.inch lens,
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2222. The Fairchild “Cartographic” Camera

The Fairchild “cartographic” camera was developed from the basic design of the K-17,
with modifications which make it a “precision” camera i1 all respects.

The outstanding precision features are:

{a) The lens and the film plane are mounted on one casting, known as the “inner cone.”
This inner cone is mounted inside the camera body but is a separate part and, if the camera
15 disassembled, the lens and flm plane are undisturbed.

(b) The axis of the lens is fixed in a position exactly perpendicular to the film plane
and its intersection with the film plane (principal point) is indicated by the intersection of
lines connecting fiducial marks on the edge of the film frame.

(¢) The fiducial marks, which are in the film plane, are secured to the inner cone
and their relationship to the lens is therefore not disturbed when the camera is disassembled.

(d) Lines drawn to connect opposite fiducial marks intersect at an angle of 90° plus
or minus 1 minute and thev indicate the position of the principal point with a probable error
not exceeding 0.0005 inch.

Froure 2.3.—Fairchild eartographic camera.
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(¢) The focal plane is determined by the machined surfaces of the four fiducial marks
that are securely screwed and doweled to the edges of the inner cone. The film moves
between the focal plane and a vacuum back in the magazine. This back is a casting whose
surface is machined flat within 0.0003 inch. At the instant of exposure the film is held
flat against the back by vacuum and forced against the fiducial marks, so that it is exactly
placed in the focal plane at this instant. After exposure the vacuum ceases and the pressure
of the vacuum back is released to permit the film to move freelv. The vacuum back casting
is specially heat-treated and has deep ribs on the back to keep it flat in spite of the stresses
caused by temperature changes and normal operation.

(f) The betwen-the-lens shutter can be removed for cleaning and adjustment without
removing the lens elements from the inner cone.

Roll film is used to take 9- by O-inch photographs. It is loaded in interchangeable
magazines, each with a capacity of 250 exposures. One of the principal differences between
this camera and the K-17 camera is that the fiducial marks in the “cartographic” camera
are rigidly attached to the inner cone and are independent of the magazine, whereas in the
K-17 the fiducial marks are in the magazine and thus their relationship to the lens is not
necessarily constant.

The manufacturer will supply this camera with anv one of several lenses of different
focal lengths. The one owned by the Coast and Geodetic Survey is equipped with a Bausch
and Lomb metrogon lens of 6-inch focal length. This camera is now used almost exclu-
sively for single-lens mapping photography requiring a 6-inch lens. It is used for all
photography for contouring by the multiplex or the stereoplanigraph and is often used
for photography for use in mapping by graphic methods.

Ficurg 2.4.~Inner cone of cartographic camera.
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2223. F-51 Camera

The F-51 camera was one of the first film aerial cameras built to meet the requirements
for a precision camera. It is equipped with a 6-inch metrogon lens and can be loaded
with 9%-inch film in rolls to take up to 400 exposures without reloading. It does not
have interchangeable magazines. The camera of this type used by the Coast and Geodetic
Survey has been modified by the addition of a ruled glass plate in front of the film at the
focal plane which registers a rectangular grid or “resean” on the negative at every expo-
sure. This reseau, accurately ruled at l-centimeter intervals, permits measurement of
coordinates on the film independently of film or paper distortion. This camera has been
largely superseded for mapping purposes by the cartographic camera but it is used when
coordinates are to be measured accurately as, for example, in research into the general
and local effects of film distortion.

2224. Cameras for Oblique Photography

The use of oblique photographs by the Bureau is now limited to: (1) Aerial obliques
of harbor areas and of airports for special studies relative to landmarks for nautical
charts and the charting of waterfront details, and to the selection and charting of obstruc-
tions to air navigation. (2) Terrestrial horizontal or near-horizontal photographs used
in establishing vertical control in Alaska for use in stereoscopic contouring with vertical
photographs ; this use is experimental. The photographs are taken from ground stations
with a phototheodolite or from shipboard with a hand-held K-20 camera. Aerial obliques
can also be used for this purpose. (See 37.)

Figure 2.5.—~K-20 camera,
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Aerial obliques, (I) above, are taken with the K-17 camera with either the 6-inch
or 12-inch lens (see 2221). The horizontal or near horizontal photographs, (2) above,
are taken with a phototheodalite or with the N-20 camera. If results from the K-20
camera are promising and the methods are continued, a more “precise” camera will
probahly be purchased or built for the purpose.

The K-20 camera (fig. 2.5 takes 30 pictures, 4 by 5 inches in size, on a 20-{oot
roll of film. TFilm is advanced and the shutter is rewound manually by advancing the
winding handle forward through an are of ahout 83° and returning it to its original pasition.
This camera is usually equipped with a 63¢-inch focal length §/4.5 anastigmatic lens fixed to
focus on distant objects. The film is held flat at the moment of exposure by vacuum
created by a spring-operated piston, The lens is not calibrated; its focal length may vary
appreciably from the value marked, and the position of the principal point is not indicated
by fiducial marks or other means,

223. THE Nine-Lexs CAMERA
2231. Introduction

The nine-lens camera was designed by Captain O. S. Reading of the Bureau to meet
the specific requirements of coastal mapping. The principal objectives in the design were
to obtain as great a coverage as practicable per photograph at the relatively large scales
(1:10,000 to 1:20,000) required for detailed mapping of the coast and alongshore features

Tasrs 2.1.—Nine-Lens Camera Data

Focal length 8.24 inches (209.7 mm.), field 130° x 130° square.

Net weight 306 pounds (140 kg.), gross weight with all equipment for photography 730 pounds (340 kg.).
Size of camera 29 inches (74 cm.) wide, 27 inches (67 em.) fore and aft, 31 inches (79 em.) high.

Size of film 23 inches (58 em.) by 200 feet (61 meters) (100 exposures plus leader).

Size of composite photographs 35.4 inches (90 cm.) square.

Tasre 2.2, —Coverage Data

Scale 1:10,000 1:15,840 1:20,000 1:31,680

Width of strip:

Statute miles - 5.6 8.8 11.2 .17

{Kilometers) (%.0) (14.2) (18.0) (28.3)
Altitude above ground:

Feet 6,875 10,890 13,750 21,780

(Meters) (2,095) (3,319) : (4,191) (6,639)
Area covered whole phote:

St statute mMileS arrammoe e e 31.2 78.3 124 313

(Sq. kil ers) (80.8) (202.8) (321.1) (810.7)

Area per photo overlapped

80% x 60% Sq. stat, miles 2.5 6.3 10 25
(Sq. kilometers) (6.5) (16.3) (25.9) (64.8)

809% x 30% Sq. stat. miles 4.4 10.9 17.5 44
(Sq. kilometers) (11.4) (28.2) (45.3) (113.9)

60% x 60% Sq. stat. miles 5.0 12.5 20" 50
(Sq. kilometers) (12.9) (32.4) (51.8) (129.5)

60% x 309 Sq. stat. miles 8.7 219 35 88
(Sq. kilometers) (22.5) {56.7) (90.6) (227.9)

66% x 33% Sq. stat. miles 7.0 17.8 28.5 71
(Sq. kilometers) aowu . (18.1) (46.1) (73.8) (183.9)

Statute miles (kilometers) of strip per
loading:

80% overlap 112 177 223 354
(180.2) (284.8) (358.9) (569.7)

66% overlap - 190 300 380 602
(305.8) (4382.8) (611.6) {968.8)

60% overlal - 223 354 447 708

(358.9) (569.7} (7194) (1139.4)
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such as rocks, small piers, and aids to navigation. The camera is illustrated in figures 2.6
and 2.7, and pertinent data are given in tables 2.1 and 2.2.

FIGURE 2.6.—Nine-lens camera.
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Large (wide-angle) photographs are especially advantageous for coastal mapping
where the shoreline is broken and irregular with many indentations and off-lying islands,
masmuch as the water areas can be more readily spanned with large photographs and
the ground control problem is thereby simplified. This fact has been recognized and
multiple-lens cameras have been used since the inception of photogrammetry in coastal
mapping. Three-, four-, and five-lens cameras were used prior to the nine-lens camera,

The design of the nine-lens camera and transforming printer was started in 1933.
The camera and printer were manufactured by the Fairchild Aerial Camera Corporation
of New York, the camera being delivered in 1935 and the transforming printer in
January 1936.

The first test flight of the nine-lens camera was made at Wright Field, Dayton, Ohio,
in November 1936. The camera operated satisfactorily and was used continually there-
after until the airpline carryving it crashed in 1943. The critical adjustments of the lenses
and mirrors (see 2232) proved to be remarkably stable under flight conditions. The test
flight and subsequent photography were made possible by the U. S. Army Air Force
providing a B-10-B Martin bomber for this purpose. The bomb-hay doors were removed
and a temporary plywood floor and a sliding hatch were installed for mounting the camera.

The first mapping project with the nine-lens camera covered about 1200 square miles
in the northern Chesapeake Bay area; it was photographed in May 1937 at the scale of
1:10,000. This project is illustrative of the practical use of the camera for coastal map-
ping. The 1200 square miles to be compiled on 50 maps at the scale of 1:10,000 were
covered by 380 photographs, overlapped 60 percent both along the flight and between the
flight lines, or an average of 7.6 photographs per map.

A total of 323 7%4-minute topographic quadrangles covering approximately 15,000
square miles were produced by the Coast and Geodetic Survey as part of the war mapping
program, and practically all these were compiled from nine-lens photographs.

The camera has been used for photography of coastal areas continually since 1937,
and has been particularly effective in Alaska where photographic weather and ground
control are at a premium. In recent years it has been carried in a B-17 airplane provided
by the Coast Guard.

The airplane carrying the nine-lens camera crashed on Adak Island in the Aleutian
Islands, Alaska, in July 1943 with the loss of all but two members of the crew. How-
. ever, the camera was salvaged and rebuilt by the Fairchild Camera and Instrument Corpo-
ration and was recommissioned in September 1945. Although the principal features of
the design were unchanged, a number of improvements were made when the camera was
rebuilt; the most important of these was the addition of 40 fiducial marks to facilitate
.the measurement and compensation of film distortion during transforming printing and
the checking of the composite prints.

A rectifying camera and a stereoscopic plotting instrument for contouring from nine-
lens photographs were designed by Captain Reading and built between 1938 and 1943.
These instruments are described in chapter 6.

A special calibration area for nine-lens photographs was established near McClure,
Ohio, in 1947. Photographs of this area are taken at the beginning and end of each
season for use in testing and adjusting the mirrors and lenses as discussed in chapter 6.
The area is a 5-mile square in which 80 accurately located and permanently monumented
control stations have been established, each station being especially marked so as to be
visible on the aerial photographs.

837982°—50—6
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2232. Description of the Nine-Lens Camera

The nine lenses are arranged on a central mount with all axes parallei so that the
nine separate images are exposed simultaneously on one piece of film. The wide coverage
is obtained by combining a single vertical view from the central lens with oblique views
taken through the other eight lenses which are arranged in an octagonal pattern about the
central lens. The fields of the eight outer lenses are deflected 38° from the central axis hy
stainless steel mirrors secured on a hollow stainless steel cone in front of the lenses. In
making a print, the aerial negative is placed in a special transforming printer and, by nine
separate exposures on one piece of paper, the original relationship between central and
wing chambers is reconstructed and the nine images are recombined to form a single
composite print which has the geometrical characteristics of a single-lens photograph with
an angular coverage of 130° and a focal length of 210 millimeters., Prints are 334
nches square. :

e f

— 23 inches — ——————————d

e

Ficrre 2.7.—Diagram of the nine-lens camera,

Th: wnirrors of the camera are of stainless steel about 5/16-inch thick, with reflecting
surfacec of an evaporated metallic film. The mirrors are attached to the camera cone
by means of nine tapped bolt holes in the back of each mirror. The body of the camera,
the cote, the mirrors, and the nuts and bolts that hold the mirrors were all made from the
same cteel ingot, so as to equalize the effect of temperature changes. Careful measure-
ments made before and after a season’s operation have proved that this arrangement is
highly stable and satisfactory,

Once each winter some of the mirrors are replaced by extra mirrors that have been
resurfaced. The replacement of a mirror involves a series of accurate measurements
and delicate adjustments that are performed at a special laboratory at Gaithershurg,
Maryland, The adjustments involve setting optical collimators within tolerances of 5
seconds with a theodolite, adjusting the positions of lenses and mirrors within tolerances
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T

23 inches —{

FiGure 2.8.—Nine-lens negative.

of 0.001 inch as seen in a microscope, and flattening the mirrors within six wave lengths of
light as seen with an interferometer arrangement. Whenever a mirror is replaced, the
orientation and flatness of each of the other mirrors and the position of each lens are
also checked and adjusted if necessary.

The mirrors of the camera are inclined 19° from the vertical so as to produce an
oblique photograph having a tilt of 38°. The oblique views of the negative contain an
overlap about Yg-inch wide all the way around so that, in printing, each view can be
adjusted and masked to fit the other views without creating gaps. The separated expo-
sures on the negative are not arranged as might at first be expected because (see fig. 2.7)
the rays of light from the lower left (32°) for the center octagon pass through the center
lens and continue in the same general direction to the upper right side of the negative,
whereas rays from this same bundle of light that form the edge of the oblique view are
interrupted by a mirror and are reflected to the left side of the negative. Moreover, the
oblique negative views are inverted rclative to the center octagon because of the mirror
reflection. The camera is provided with 45 fiducial marks that are projected onto the
surface of the film at the instant of exposure by means of tiny targets, lenses, and lights.
One cross marks the principal point, and one cross appears in the picture area at each
of the four corners of the eight oblique views, in each of the eight corners of the center
octagon, and outside the picture area in the four corners of the negative film.

The camera is suspended from a hand-operated crank hoist in the aircraft during
take-offs and landings, but during photography a floor hatch is opened and the camera is
lowered to a tiltable camera mount so that no part of the airplane obstructs the view. A
viewfinder is attached to the camera and is used in determining and correcting for the crab
of the airplane and for setting an intervalometer. The image of a traveling grid can be
seen in the field of view of the viewfinder and the speed of the grid can he controlled so
that the grid lines travel across the field at the same rate as images on the ground. Setting
the speed of the grid also sets the intervalometer which automatically starts, at the proper
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time intervals, a series of mechanical and electrical camera operations which include
opening the lens shutters, releasing the film vacuum, winding and metering the film, and
reapplying the film vacuum. The intervalometer also actuates lights on the camera, on the
pilot’s instrument panel, and on the navigator’s instrument board for a period of 5 seconds
before an exposure is made, ceasing at the moment of exposure. .\ second light on the
camera flashes when the exposure is made to indicate that the shutters have operated, and
a third light is illuminated as the film is being transported. and goes out when the proper
amount of new film has moved into place. The vacuum is supplied by & pump run by an
electric motor from the airplane’s electric systenm.  The camera lights and shutter solenoids
are also operated from the plane’s electric circnit.  The camera is equipped with a visual
vacuum gage that indicates the pressure on the film at the focal plane. Level bubbles are
provided with which to level the camera in both directions.

The photographic airplane is equipped with a Norden bombsight, automatic pilot,
astro-compass and flux gate compass to assist the navigator in flying straight courses
during photographyv and in obtaining the proper forward and side laps. The aircraft in
use at the present time is also equipped with radar and radio and manned with competent
Coast Guard operators.

The transforming printer (fig. 6.1) is the instrument by means of which the negative
from the nine-lens aerial camera, consisting of one vertical and eight oblique photographs
on one piece of film 23 inches square, is projected onto a single piece of photographic
paper, to make a composite photograph 35 inches square. The resulting transformed
photograph is equivalent geometrically to what might be taken with a single-lens camera
whose angular field of view is equ=l to that of all nine lenses of the nine-lens camera
(130° by 130°). The transforming printer is described in chapter 6.

224. Tue TrimeETROGON CAMERA

The trimetrogon camera is a recent multiple-lens camera designed particularly for
aerial photography for use in small-scale and reconnaissance mapping. It is not used in
connection with large-scale coastal mapping but it is mentioned here because of its impor-
tance and because of the general interest regarding it. It is used principally for photog-
raphy for use in aeronautical charts of previously unmapped areas. The development and
use of this camera during World War II for rapid mapping of vast unmapped areas of
the world as required in that war is one of the most interesting stories in photogrammetry
or cartography. Over 15 million square miles were photographed in all parts of the globe
during the war, and the trimetrogon system is still in extensive use for photography for
use in the compilation of reconnaissance and other small-scale maps necessary for military
_preparedness. (See 92).

The trimetrogon camera consists of three K-17 cameras rigidly mounted together
as a unit and operated as a single camera. One camera axis is vertical and the other
two are at 60° right and left across the line of flight. The cameras are equipped with
6-inch-metrogon-type lenses and the total ficld of view is 180°, that is, from horizon to
horizon across the line of flight. The oblique photographs are not transformed, as with
the nine-lens camera. Planimetry is compiled from these photographs by graphic methods,
using special instruments designed for radial plotting and compiling from the oblique
photographs. Contouring is done with the aid of the Wilson photoalidade. (See 37 and
921).



TOPOGRAPHIC MANUAL—PART II 73

225. AERIAL PHoTOGRAPHIC FiLM

Although many types of photographic films are available, only a very few are suit-
able for aerial photography and, to meet the needs of the photogrammetric operations of the
Coast and Geodetic Survey, only a relatively high-speed, fine-grain, panchromatic film 1s
used. Typical of this class is the super XX film manufactured by Tastman Kodak Company.

The mechanical limitations of photographing from an airplane flying at high speeds
and the necessity for easy identification of all images in the photography, place rather strin-
gent restrictions on color sensitivity, speed, and grain. Complete color sensitivity is required
to render the correct tones of the landscape and to permit the use of filters to penetrate
haze and in some cases to vary the contrasts between colored features. The film must be
fairly fast in order to permit exposures between 1/100 and 1/230 of a second through
filters and still obtain negatives of satisfactory density. Ixposures slower than the above
cannot he used becanse images would be blurred because of the movement of the airplane.
The grain must be fine because many of the photographs are enlarged before use and a
coarse grain would make it impossible to distinguish the small details.

2251. Color Sensitivity

In manufacturing photographic filn it is possible, 1'v certain processes, to vary the
range of colors to which the film will be sensitive. A normal film emulsion is sensitive
to only the blue color region of the spectrum. On this type of film, red and green have
little or no effect and, in the positive print, appear very dark. By special treatment, it
is possible to make the film sensitive to light throughout the entire region of the visible
spectrum, including red. This type of film, known as panchromatic, gives a fairly satis-
factory reproduction in appropriate black and white tones of all the colors and is the type
generally used for aerial photography. Because it is sensitive to all colors, it must be
processed in total darkness or with only very short exposures to faint green light or
fogging will result.

2252, Film Speed

The speed of a film is a time measure of its ability to record minimum usable nega-
tive density. The film is said to be fast or high-speed when it will record this density
with a very short exposure, and slow when it requires a comparatively long exposure,
Film for aerial photography must be fairly high-speed because the forward motion of
the plane, vibration of the camera, and some other considerations require the use of very
short exposures. The speed of a film is fixed by the manufacturing process, but a panchro-
matic film is generally faster than other types because it is sensitive to light from the
entire visible spectrum and hence can make use of all the available light, whereas in
nonpanchromatic types the red portion and perhaps some of the green portion of the
incident light is not effective because the film is not sensitive to it.

2253. Crain

Upon casual examination, a developed photographic negative gives the impression of
being homogeneous. This is only an appearance, however, and, upon examination under
magnification, a negative will appear to be composed of minute silver particles and will
have an appearance similar to a half-tone illustration which, although appearing to he
homogeneous when viewed from a normal distance, is actvally made of many minute dark
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svots which vary in size and give the impression of variance in tone. This characteristic
of heing made up of many minute particles is called grain and is one of the most trouble-
some problems in aerial photography. The size of the particles has a marked influence
oa the ability of the emulsion to resolve fine details—-the finer the size of the particle, the
greater the ability to resolve and vice versa. Here, as in many other problems in photo-
gramuetry, some of the conditions which are desired are mutually exclusive. In gen-
eral, the graininess of an emulsion varies in proportion to its speed-—high-speed flm
leing composed of verv large particles and a slow film having verv fine particles. It is
impossible to obtain extremely higli specd and extromely fine particle size in one filim,
but in the panchromatic film used in aerial photography, a rcasonably satisfactorv com-
promise has been reached wherein the film speed is sufficiently fast to permit the short
exposures required and the grain has heen kept finer than the minimum resolution condi-
tions that are imposed by lens design, camera vibration, airplane motion, etc., if the
photograplis are not to he enlarged more than four diameters.

2254. Selection Criteria

In general, the possibilities in the selection of a film to be used for a specific project
are not verv great because in the design of a film which will meet the criteria set forth
for color sensitivity, speed, and grain, the film manufacturers have practically standardized
on a single tvpe of panchromatic film whose color sensitivity is such as to render a
satisfactory interpretation of colors in terms of black and white tones. This film has
sufficient sensitivity in the red part of the visible spectrum to permit the use of haze-
penetrating filters of deep yellow, orange, or even red color, of sufficient speed to permit
exposures at about 1/200 second even at the aperture of /6.3 of the wide-angle lenses,
and graininess such as to permit the resolution of 50 or more lines per nullimeter, which
is in excess of the average resolving power of most aerial lenses.

Special conditions may make desirable the use of other than the standard film but
the limitations of other types should be considered carefully. For example, it is known
that the maximum penetration of haze is achieved by using only the dark red and
infrared region of the spectrum. This requires the use of a film that is specially sensitive
to the infrared region and this sensitivity is achieved at some sacrifice in speed and at a
considerable increase in grain. The resulting photographs show a remarkable resolution of
distant details but color tone is quite distorted. Green foliage appears in very light, almost
white, tones, and water appears almost black. This latter characteristic can sometimes
be used to advantage in order to obtain a very distinct outline of the water’s edge on a
beach or marsh under conditions where it might otherwise he rather indefinite,

It is probable that, with further development, color film, with which objects can be
photographed approximately in their natural colors, will be used increasingly in aerial
photography. At present it is very slow in speed and has comparatively poor resolution
which, In conjunction with its high cost, difficulty in processing, and lack of a suitahle
means of making multiple copies at reasonable costs, have combined to restrict its use to
military intelligence and certain ather very special applications.

226. TILTERS FOR AERIAL PHoTOGRAPHY

Filters are extensively used in vertical aerial photography for mapping purposes. In
Coast and Geodetic Survey work, two types serve almost all purposes: the “Minus Blue”
(vellow) and the 25A. (red).
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mm.) or the angstrom unit {one tenth of a millimicron). The approximate wave lengihs
of the various colors are:

Mdlinucrons

Violet oo 400420
Blue o _ 430-300
Green ___ . _____.______ 300-330
Yellow o 350-600
Orange . 600-H20
Red 620700
Infrared __._ . ___________._.Over 700

Average davlight is made up of a blend of all the above colors in approximately the
distribution indicated in figure 2.9.

2262. Types of Filters

A filter transmits light of its own color and absorbs light of other colors. The
apparent color of a filter may be the result of blending several related colors—ifor example,
the usual yellow filter generally does not transmit blue light (hence is sometimes called a
“minus blue” flter) but transmits rather completely the rest of the visible spectrum,
including green and red in addition to yellow. This type of filter is used to improve tone
renditions of colored objects. Most photographic film, even some panchromatic types,
is more sensitive to blue light than to other colors; hence, blue objects tend to photograph
in lighter shades than they appear to the eve and tone renditions are distorted. A yellow
filter reduces differentially the amount of blue light falling on the film and at the same
time transmits a high percentage of the remaining colors. This permits the other colors
to register their proper densities on the negative without overemphasizing blue.

A more important consideration in aerial photography is that atmospheric haze (not
to be confused with fog or smoke) tends to diffuse light of the shorter wave lengths but
has less effect on colors of longer wave length, progressively decreasing for green, yellow,
orange, and red. For this reason, filters are used in aerial photography to obtain photo-
graphs taken only with the longer wave lengths of light. To obtain this result either the
yellow or the red filter may be used, depending on the amount of light available.

2263. Filter Factor,

Filters always obstruct light transmission through the optical system of a camera
and withhold part of the incident light. This restricts the use of filters to those whose
transmission losses will not require exposures that are longer than practicable in aerial
photography where other unrelated conditions require relatively short exposures. The
amount of light withheld in proportion to the total available is dependent on the spectral
transmission of the filter—the greater the spectral range that is transmitted, the smaller
is the percentage of light that is unavailable at the film. To compensate for this partial
loss of light due to the use of a filter, an increase in exposure is required. This increase
in exposure is usually indicated by a “filter factor” which is a factor by which the expo-
sure required without filter must be multiplied when a particular filter is introduced into
the system. For the usual panchromatic emulsions used in aerial photography, the factor
for a “minus blue” filter is 2.0 and for a 25A filter is 4.0.



76 U. 8. COAST AND GEODETIC SURVEY

mm.) or the angstrom unit (one tenth of a millimicron). The approximate wave lengths
of the various colors are:

Millimicrons

Violee __ . ___________ 400420
Blue -~ 430-300
Green — 300-330
Yelow o e 350-600
Orange e 600~620
Red e e H30-700
Infrared . ____.__Over 700

Average davlight 1s made up of a blend of all the above colors in approximately the
distribution indicated in figure 2.9,

2262. Types of Filters

A filter transmits light of its own color and absorbs light of other colors. The
apparent color of a filter may be the result of blending several related colors—ifor example,
the usual yellow filter generally does not transmit blue light (hence is sometimes called a
“minus blue” filter) but transmits rather completely the rest of the visible spectrum,
including green and red in addition to yellow. This type of filter is used to improve tone
renditions of colored objects. Most photographic film, even some panchromatic types,
is more sensitive to blue light than to other colors; hence, blue objects tend to photograph
in lighter shades than they appear to the eye and tone renditions are distorted. A yellow
filter reduces differentially the amount of blue light falling on the film and at the same
time transmits a high percentage of the remaining colors. This permits the other colors
to register their proper densities on the negative without overemphasizing blue.

A more important consideration in aerial photography is that atmospheric haze (not
to be confused with fog or smoke) tends to diffuse light of the shorter wave lengths but
has less effect on colors of longer wave length, progressively decreasing for green, yellow,
orange, and red. For this reason, filters are used in aerial photography to obtain photo-
graphs taken only with the longer wave lengths of light. To obtain this result either the
yellow or the red filter may be used, depending on the amount of light available.

2263. Filter Factors

Filters always obstruct light transmission through the optical system of a camera
and withhold part of the incident light. This restricts the use of filters to those whose
transmission losses will not require exposures that are longer than practicable in aerial
photography where other unrelated conditions require rclatively short exposures. The
amount of light withheld in proportion to the total available is dependent on the spectral
transmission of the filter—the greater the spectral range that is transmitted, the smaller
is the percentage of light that is unavailable at the film. To compensate for this partial
loss of light due to the use of a filter, an increase in exposure is required. This increase
in exposure is usually indicated by a “filter factor” which is a factor by which the expo-
sure required without filter must be multiplied when a particular filter is introduced into
the system. For the usual panchromatic emulsions used in aerial photography, the factor
for a “minus blue” filter is 2.0 and for a 25A filter is 4.0.
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2264. Filters for Infrared Film

\Vhen the maximum penetration of atmospheric haze is desired, infrared photography
gives the best results. Film is available which is particularly sensitive to dark red light
and a portion ot the spectrum, known as infrared, beyond the visible range of wave lengths.
This film is also somewhat sensitive to blue light. A special filter is used in front of the
lens, which excludes all the blue light and most of the red light and transmits only the
longer wavelengths of red and the adjacent infrared region of the spectrum. By this
means, photographs are taken with only the extremely long wave lengths of light which
are not as susceptible to diffusion and scattering by the particles which constitute atmos-
pheric haze, resulting in sharper pictures of distant details, unobscured by intervening
haze. This characteristic is particularly valuable for high oblique photography or photog-
raphy with the camera axis horizontal, as in terrestrial photogrammetry where the
phototheodolite is used, because a sharper definition of distant features and the horizon
results. Photographs taken with this film have characteristic distortions of color tones
which require special experience for interpretation. In prints the sky appears practically
black, but clouds retain their characteristic briliant white appearance. Green foliage,
particularly of deciduous plants, reflects a large amount of incident infrared light and hence
appears almost white, whereas bodies of water appear dark.

The filter used is comparatively dense but, due to the greater sensitivity of the film,
the exposures required are comparable to those used in conventional aerial photography.

23. ATRPLANE INSTRUMENTS AND ACCESSORIES

231. AIRPLANES AND FLIGHT PERSONNEL

In the Coast and Geodetic Survey aerial photography is normally taken by Bureau
personnel rather than obtained through contract with commerecial companies. A coopera-
tive agreement has been in effect for a number of years between the U. S. Coast Guard
and this Bureau whereby a Coast Guard airplane and flight crew are placed at the
disposal of the Coast and Geodetic Survey, the latter providing the photographic equip-
ment, navigator, and photographer. This arrangement has been of mutual advantage
in that photographic flying experience has been obtained by Coast Guard personnel and
the Coast and Geodetic Survey has avoided the expense of procuring and maintaining a
single aircraft.

2311. Airplane in Use

Yor a number of years a Coast Guard PBY flying boat, succeeded by a PBY-5A
amphibious flying boat, was used for nine-lens photography and for photography in Alaska.
A Grumman JRF-3 amphibious flying boat and later a specially outfitted Beechcraft SNB
were used for single-lens photography.

In 1949 a PB-1G(B-17) airplane is being used for both nine-lens and single-lens photog-
raphy. The PB~1G is a version of the Boeing B~17 or “Flying Fortress”, it has four engines
and landing wheels and won renown during World War II as a bombing airplane. The
PB-1G cruises at 180 miles per hour, has a maximum altitude for photography of 30,000
feet, and a cruising range of 7 to 9 hours.

Of the aircraft mentioned above, the PB-1G is by far the most satisfuctory rrom the
standpoint of photographic operations. This airplane, in present use for all photographic
flving, is a large bombing plane, stripped of armor and armament, which has large
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capacity, high speed, rate of climb, and ceiling, good stability, unusually long cruising
radius, complete instrumental equipment, including a Loran navigating installation and
radar, and excellent visibility for the navigator, all of which make it a superb aireraft for
aerial photography. It is particularly well suited for operations in Alaska where long
distances must be traveled between bases or between base and working ground and where
mountainous terrain requires high-altitude flving. In such territory, the additional safery
provided by four engines is a comforting feature.

2312. Flight Personnel

Personnel furnished by the Coast Guard varies somewhat with the type of airplane
but always includes a pilot, radio operator, and ecssential maintenance personnel. The
operation of the aircraft is, of course, under the regulations of the Coast Guard and all
matters of flight policy are decided by the pilot, who is the Commanding Officer. How-
ever, unless prohibited by regulations, photographic flights are undertaken at times and in
localities designated by the Coast and Geodetic Survey. The photographic navigator is
generally a commissioned officer of the Coast and Geodetic Survey who has been specially
trained for the purpose, and who is a qualified pilot who has been through naval flight
school and generally is a designated naval aviator. Because of this training he is acquainted
with the problems incidental to aircraft operations and is able to cooperate intelligentiy
with the flight personnel to the end that photographic operations are coordinated and
accomplished efficiently. It is the function of the navigator to plan the dav-to-day opera-
tions of the mission, to consult with the pilot on the most expeditious means of accom-
plishing the desired photography and, during actual operations, he is responsihble for the
actual navigation of the aircraft during aerial photography and for the direction of the
photographer’s activities, telling him when to start and stop photography, checking drift
and interval between exposures, etc., to see that the photographs comply with the specifi-
cations. Insofar as the Coast and Geodetic Survey is concerned, he is the Chief of Party
and is responsible for carrving out assigned photographic projects. The aerial photog-
rapher is a Civil Service employee of the Coast and Geodetic Survey who has been
especially trained in the maintenance and operation of aerial cameras—particularly the
nine-lens camera—and associated equipment, and in the handling and processing of aerial
film. He is responsible for the numerous camera operational details required to produce
aerial negatives of satisfactory quality. This includes the proper settings for exposure,
interval, drift, and leveling of the camera at the moment of exposure, development of
test exposures, and making recommendations to the aerial photographic laboratory as
to details of processing to obtain the optimum results.

232. Fricur OPERATION

The PB-1G airplane (see 2311) has been modified and specially equipped for aerial
photography. A single-lens camera and the nine-lens camera are installed and can be
operated simultaneously. A special photographic hatch already in the radio compart-
ment is used for the single-lens camera. Special windows have been provided in the
fuselage to permit taking oblique photographs. For the nine-lens camera, the ball turret
has been removed and a special mounting placed in the hatch. A hand-operated winch
is installed over the opening to hoist the camera aboard and handle it while it is being
placed in the mount. Vacuum for the single-lens camera is provided from the vacuum
line installed for the navigating instruments of the airplane. A special electrically-driven
pump provides vacuum for the nine-lens camera.
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The navigator 15 stationed in the hombardier’s compartment which is in the plastic nose
of the plane. Unusually good visthility 1s provided in almost all directions. Lquipment
at this station includes: outside air thermometer, sensitive altimeter, flux gate compass
repeater, air speed indicator, hombsight, auto pilot, and two astro-compasses specially
mounted to serve as sighting devices for checking coverage and overlap between adjacent
flight lines. A microphone and a headphone permit communication with any member
of the crew.

The photographer’s station is at the cameras where he is provided with viewfinder.
drift sight, intervalometer, and communication facilities,

The pilot, of course, has all the :light controls and the necessary instruments for oper:-
tion and navigation,

Prior to a photographic flight, the pilot and navigator discuss the general plan of
operation and the photographer is instructed as to which camera is to be used, the number
of flight lines, etc. When the airplune has heen serviced and is ready, the pilot takes
charge, takes the plane off the ground, and flies it to proper altitude and to the general
vicinity of the photography. Altimeter corrections are computed by the navigator and
furnished to the pilot for use in attaining correct altitude.

Upon reaching the project area, the pilot connects the plane to the automatic pilot, and
transfers control to the navigator who can navigate the plane from his station by means
of control huttons on the automatic pilot. which is connected to the hombsight.

The navigator locates his position and actually flies the plane to the correct position
for the start of a photographic line. The plane must be placed in approximate heading and
position several miles before the start of the line to permit adjustment for drift, heading,
and position. The heading is furnished by the flux gate compass if the line is defined by
direction on the flight diagram. Drift is determined by observation through the bombh-
sight, applied to the compass heading for true direction, and furnished to the photographer
who must set the proper drift angle on the camera mount to eliminate “crabbed” pictures.
Using the bombsight, the navigator determines the position of the flight line with respect
to landmarks shown on the flight diagram or determined by the sighting devices for
overlap from a previous parallel flight. The position and direction of the flight line
are refined and corrected by the navigator who has control of the plane and the instru-
ments to indicate heading and position.

When the plane is on correct course, the navigator tells the photographer to stand
by to start photography. The photographer has in the meantime checked the equipment
for operation, set off drift, and checked the time interval. When the plane is in position,
the navigator directs the photographer to start photographv. The photographer usually
has the camera set for automatic operation at a predctermined interval by the inter-
valometer. So that the camera may be manually leveled at the moment of exposure, a
warning light that is connected into the intcrvalometer circuit lights up for 5 seconds
before each exposure. A light also flashes at the navigator’s station to indicate each
exposure and to warn him not to make any course or altitude correction during the inter-
val that the light is on. The nine-lens camera has a special intervalometer connected
to a telescopic viewfinder and drift sight. The reticle consists of a traveling grid which
is moved across the field by a variable-speed motor. The rate of travel is synchronized
with the motion of the ground image. The device actuates the camera automaticallv at
the correct time interval to give the desired end lap. End lap is selected and set in the
intervalometer at any desired percentage. The camera continues to operate, automatically
winding film and tripping the shutter until the photographer stops the mechanism when
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advised by the navigator that the end of the flight line has been reached. The photographer
must be constantly alert to level the camera at exposure and to note that the vacuum ts
heing properly applied, that the film-winding wechanism and ntervalometer are func-
tioning properly, and from time to time he must check the drift angle and ground track
in the sight so that adjustments may be made for crab and interval if the wind changes.

When the day’s operation is completed, the flight diagrams are checked, the rolls ot
exposed film are numbered and, if deemed necessary, test exposures are developed in the
field to check exposure, operation of the camera, etc.

233. INSTRUMENTS ror AERIAL PHOTOGRAPHY

Although high-quality aerial photography is dependent in a large degree on the
personal alertness and skill of pilot, navigator, and photographer, the successful accom-
plishment of aerial photography is materially assisted by the use of numerous instru-
ments, some of which are part of the normal navigating equipment of the airplane and
others which are specially provided for the purpose.

2331. Compass

Flight lines are frequently flown in accordance with designated landmarks indicated
on a previously prepared flight map. But in many instances, notably in the case of area
coverage where numerous parallel lines are to be flown, or in areas where landmarks are
nonexistent or have not been charted, the use of a compass will permit the flight lines
to be flown m the proper direction. Three corrections must be applied to a compass
reading before it can be assumed to indicate a correct direction: (@) correction for decli-
nation of the magnetic meridian, (&) correction for calibration of the individual instru-
ment due to inaccuracies in construction and graduation or to local attractions caused by
the proximity of magnetic materials or electric currents, and (¢) correction for drift
necessitated by the fact that the fiducial axis of the compass is aligned with the longi-
tudinal axis of the airplane and is not parallel to the actual line of flight of the airplane.
Compasses in general use today are of two types: (a) the magnetic needle type and (b)
the Flux Gate type. The magnetic needle type of compass, which has been used on
some of the smaller photographic airplanes, is similar in principle and application to the
surveyor’s compass and the various types of marine compass. It consists essentially
of a magnetic element that is freely suspended at its center of gravity in such manner
that it will rotate and assume a position parallel to the lines of force of the earth’s mag-
netic field. A graduated scale of some type is affixed to the magnetic element so that
the heading of the aircraft with respect to the magnetic needle is indicated in degrees.
The motion of this type of instrument is physical and is induced by the force of the
earth’s magnetic field acting on the magnet, the slight torque resulting therefrom swinging
the needle about its finely balanced pivot until 1t reaches the point where it is parallel to
the field and no torque is acting onn it. In this type of instrument, the sensitive element
and the entire mechanism are located on the instrument panel. This location necessi-
tates large and varying calibration corrections because it is close to the electric system of
the airplane and many extraneous metal objects which attract it. Because of its delicate
suspension, the needle has a tendency to swing with the various motions of the plane
and to oscillate and hence it must be read at its average position during these variations.
It is also subject to “turning error” when the airplane is banked during turns because
the vertical component of the earth’s magnetic field tends to rotate the dial and give
false readings.
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The Tlux Gate compass with which the PB-1G airplane is equipped operates on a
fundamentally different principle, although it indicates the aircrait’'s heading with respect
to the earth’s magnetic field. The Flux Gate svstem comprises several elements, namely,
the Flux Gate transmitter, the amplifier. the master indicator, and scveral remote indi-
cating repeaters.  The Flux Gate transmitter consists of an azimuth-sensitive element
which is grvroscopically stabilized in a horizental pasition, so that, despite tips, tilts. and
inclinations of the aircraft during flight, it is zensitive nniv to the herizontal component
of the earth's magnetic fleld. This element does not rotate but is sensitive to azimuth
lecause of variations in its orientation with respect to the earth's magnetic field. The
result is that the compass, under all normal conditions of flight, does not oscillate due
0 plane motion and does not give erronecus indications due 1o turning or other accelera-
tion.  The azimuth-sensitive element itself consists of three equal arms forming a triangle,
each arm having a core of high-permeability alloy, and each provided with an exciting
winding and a pick-up winding. Tn use, the exciting winding is energized from an
outside alternating current source and when so energized a voltage is induced in the
pick-up winding, which voltage is a function not only of the original current but also of the
carth’s magnetic field. The voltage in the azimuth-sensitive unit is influenced by the
earth’s magnetic field and is a function of the unit’s orientation with respect thereto and,
becanse each of the three arms is oriented differently, differental voltages result which
mterpret the orientation of the unit to the master indicator. These three voltages are fed
mto the master indicator which has electric devices which analyze them and cause a
motor to drive the master indicator pointer around a graduated azimuth scale to a
position where the electric mput is balanced and the orientation of the transmitter unit
with respect to the earth’s magnetic field is indicated. This indication is the magnetic
heading of the airplane. This reading is available at the master indicator and can also
be repeated at several electrically controlled remote indicators variously placed where
needed in the aircraft.

The Flux Gate unit is generally located on a wing or in some other rather remote
part of the airplane where it is as isolated as possible from other magnetic or electric
influences which might tend to give false indications. The instrument has internal
arrangements for compensation for magnetic declination and local deviation.

2332. Altimeter

To take photographs at the scale required, the altitude of the airplane above the
ground must be controlled within rather close limits. The altimeter normally indicates
the altitude above mean sea level and must be corrected for the average elevation of the
terrain being photographed. The elevation of the terrain is usually determined from
existing maps or by estimation. The altimeter is a tvpe of aneroid barometer which is
actuated by the static air pressure but which is calibrated to indicate altitudes in feet
above mean sea level. The calibration is based on the relation between air pressure and
altitude in an ideal atmosphere—in the United States usually from the table of the U. S.
Standard Atmosphere,! which presumes a sea level pressure of 760 mm. (29.921 inches)
of mercury and a temperature at sea level of 15° C. (59° F.). The air pressure in this
table decreases with increase in altitude in accordance with a logarithmic variation mathe-
matically derived, but based on certain physical elements, such as the density of air at
standard pressure and temperature, which have heen determined experimentally. In

t National Advizory Committee for Aeronautics, Report No. 218. 1942,
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this mathematical derivation, the temperature is assumed to decrease approximately
3.6° F. for every 1000-foot increase in elevation. A few values for selected altitudes from

the table of UL S, Standard Atmosphere are given in table 2.3.

TagLE 2.3.—~DPressure—altitude equivalents

T

|

% Air :

Altitude RBarometric pressure H temperature ;

- 1

Yoot | inches of Hg. ! degrees F. i

D e e e e 2992 9.0 .

300 e e 29.38 72 5

1000 . I e 28.96 ‘ 33.4 ‘

2000 » 2782 : 519 ’
3000 e e e e ? 26.81 483
000 e e 25.84 447
5,000 e 24.89 : 41.2
10,000 ______ S 20.38 i 233
13,000 S 16.88 i 55
20,000~ ' 1375 o ~123
25000 e 11.10 j ~302
30,000 S _ 888 l —~48.0

As the standard conditions assumed in the table seldom obtain exactly in actual
practice, readings must be corrected for the two factors that cause the largest corrections—
variation from standard sea level pressure, and variation from standard air temperature.
It is a well-known fact that the atmospheric pressure at sea level can, and does, vary
considerably from day to day with variations in weather conditions. This variation
causes an altimeter at sea level to indicate elevations that vary with the barometric
pressure. The magnitude of this variation is of the order of =300 feet. Provision is
made on sensitive aircraft altimeters to correct for this variation. There are two ways
of determining the required correction. The simplest method is to set the altimeter to
indicate true elevation while the airplane is still on the ground, if the elevation of the
airport is known—the barometric pressure need not be known at all. This method is
undesirable owing to the fact that the barometric pressure is seldom uniform over any
large area and that any setting so obtained becomes increasingly unreliable as the distance
from the base where the setting was made increases. But corrections can be made in flight.
At numerous airports and weather stations in continental United States and some parts
of Alaska the barometric pressure is continually observed and aircraft in flight can obtain
the necessary data by radio to correct their altimeters for the pressure at the point of
observation, The altimeter has an auxiliary dial graduated in atmospheric pressure units
that can be rotated by means of an external knob. To make the correction the auxiliary
dial is rotated until it indicates the observed sea level barometric pressure as reported from
the ground. It must be emphasized again that corrections of this type become increasingly
unreliable as the distance from the point of observation increases.

Altimeter readings must also be corrected for variation of the atmospheric temperaturs
from the standard assumed in the table. The density of air decreases with increase in
temperature and vice versa. To correct theoretically for air temperature, the temperature
of the entire column of air between ground and aircraft should be known. In aerial
photography readings of outside air temperature are made at 2000-foot intervals during
ascent to photographic altitude, The average of these readings gives an approximate
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average air temperature. Various tables and special computers are available for the deter-
mination of this correction, and the instructions which accompany them should be followed.
These corrections are usually arranged so that, when applied to an observed altitude, the
corrected or “true” altitude will be obtained. In aerial photography certain specified alti-
tudes nmust be flown as accurately as possible and the table must be used in reverse to obtain
a correction to the theoretical reading of the altimeter, which corrected indication, when
attained, will actually be that required for the desired photograph scale.

Other corrections, such as for humidity, gravity acceleration, etc,, are theoretically
required but in ordinary practice are omitted because of their small magnitudes, which are
generally less than observational errors in the svstem.

2333 Alr Thermometer

To correct aneroid altimeter readings for average outside temperature (2332) a special
thermometer with a sensitive element is used which is mounted where it is directly exposed
to the outside air but with a direct reading dial on the instrument panel at the navigator’s
station.

2334. Drift Sight

Photographic flight strips must be parallel and the edges of the individual photographs
in each flight should form continuous straight lines without offsets at the corners where
the photographs overlap. To attain this, the fore-and-aft axis of the aerial camera must be
kept parallel with the flight line. Because a moving aircraft must head into a cross wind
in order to proceed in a given direction, the axis of the airplane is seldom parallel to the
line of flight—it is generally at an angle whose amount depends on the direction and force
of the cross wind. In order to place the camera parallel to the line of flight, the angle
between the aircraft heading and the true course made good must be determined, and the
- camera must be rotated in its mount by this same angle. In the PB-1G, drift is determined
with the bombsight (2336). Drift can be checked by the photographer with the drift-sight
device combined with the viewfinder of the camera. Rotation of the viewfinder so that
the apparent ground motion is parallel to a series of lines engraved on the viewing screen,
automatically rotates the camera the correct amount. The type B-3 drift sight, formerly
used with the solar navigator (2337), is provided with gyroscopic stabilization and a rotat-
ing objective prism arranged so that the exact ground track of the airplane can be very
accurately determined and so that it can be projected forward and the point towards which
the airplane is proceeding determined some distance ahead. In this device an attempt is
made to isolate the instrument from the normal oscillations and variations in attitude that
are inherent in any aircraft during flight. This is achieved by providing a reticle which
is not rigidly attached to the instrument, but which is suspended pendulously, with a gyro-
scope incorporated. The pendulous suspension tends to maintain the reticle in a horizontal
plane and the gyroscope restricts it from responding to the random impulses given to it by
the accelerations of the aircraft. Precession of the gyroscope, which is a long-period motion,
is corrected by the pendulous mount which will not permit the gyroscope to respond. The
terrain below does not have a jerky random motion with respect to the reticle in this
instrument—instead, regardless of the accelerations of the plane, the reticle appears to be
in direct contact with the ground, thus permitting the ground to be tracked and the drift
angle to be determined rather accurately. When the drift angle is determined with this
instrument by observation of the ground beneath the plane, a prism in front of the objective
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lens can be tlted to project the ground track line forward so that the destination can be
observed accurately. This is very helpful in aerial photographv where flight lines have to
be accurately flown with reference to landmarks. This navigational aid indicates sufficiently
in advance the airplane’s track with reference to landmarks ahead so that changes in course
can be made in time to correct the direction and placement of flight lines.

2333, Automatic Pilot

The automatic pilot is a device that is connected to the controls of the airplane to
maintain straight line flight at a constant altitude with autematic correction for pitch and
roll. This result is accomplished through a grvoscopic control mechanism which transmits
electric signals which are interpreted, resulting in appropriate corrective motions to the
control surfaces ot the airplane. The corrections to deviations from straight and level flight
are practically instantaneous under average air conditions. The use of the automatic pilot
results in straighter flight lines with photographs with less tilt than is possible through
manual piloting.

The automatic pilot itself does not steer the airplane onto a preselected heading or
ground track, but it does maintain, within the limits of a gyroscopic device, the heading to
which the plane has been otherwise directed.

The automatic pilot is connected with the bombsight so that the navigator can control
the airplane, controlling azimuth manually, while the automatic pilot maintains altitude and
corrects for pitch and roll.

2336. Bombsight

The Norden bombsight on the PB-1G is a complicated gyroscopic device designed to
permit the evaluation of and proper compensation for all the various ballistic factors
involved in the solution of the problem of dropping a bomb from a moving airplane and
hitting a target on the ground. Some of these factors are involved in placing an airplane
on a photographic flight line and the instrument is used to good advantage in this simpli-
fication of the general case. .

The drift angle can be set in the bombsight and, by means of a movable telescope, the
exact direction in which the airplane is traveling can be projected ahead and the line of
flight can be aligned with targets or landmarks that have been previously selected as control
points for a photographic flight line. It is also possible, by means of a variable-speed motor,
to point the telescope at a distant point on the flight line and keep it continuously pointing
at it in spite of the forward motion of the plane. Thus it is possible to determine the exact
ground track of the airplane and the time of arrival over the point.

Photographic flight lines are followed in one of two ways; either by passing over a
specific landmark while making good a specific true course, or by keeping on range two or
more landmarks whose ground positions determine the direction of the flight line. In the
first case, the airplane is placed on course by compass or by some other azimuth-indicating
device with due allowance for drift. The bombsight is then used to determine the relation
of the ground track to the preselected landmark, and the position of the airplane in flight
is changed until, when on the given course, the projected flight line as indicated by the
bombsight passes through the landmark. In the second case, the airplane is placed on an
approximate heading and, by means of the projected line of flight furnished by the bomb-
sight, the direction and position of the line of flight are adjusted wuntil it is apparent that
the plane will fly over hoth landmarks as required.

8379829—50—7
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A major advantage of the bombsight is thar ir is inrerconnceted with the automatic
pilot (see 2335) in such way that the airplane can be controlled in direction by the Loml-
sight and the course can be adjosted directly by the photographic navigator to 'the end that
the flight line is positioned exactly, withour any action whatsoever by the pilot.  In uilier
words, during the initial approach and while on the photographic flight line the airplane
ts actually under the control of the navigator—not the pilot.

2337, Solar Pilot Dircctor

The solar pilot director, or solar navigator as it is sometimes called, is a devize 7or
maintaining an amrplane on anyv desired course by reference to the sun.  Such a course is
referenced to the true meridian, without reference to the earth’s magnetic feld, and is
compensated for drift. This instrumnent is not used i the PB-1G but has heen used in
other planes for single-lens photography.

The solar navigator consists essentially of a small equatoriallv-mounred relescope and
mirror which are driven by a clock at a rate equal to the average motion of the sun, and in
whose iocal plane are two parallel photoelectric plates separated by a central strip of non-
sensitive- material. Leads from the photoelectric plates connect to the two sides of a
galvanometer-type indicator which is installed on the instrument panel of the airplane
where it is readily visible to the pilot. The telescope and associated parts are mounted in
the top of the airplane in the center of an opening cut through the hull of the plane, which
opening is protected by a hemispherical plastic dome where the sun's rays from any direction
are unobstructed. The device is located at the center of a horizontal graduated circle which
indicates the actual course of the airplane and with reference to which the desired course may
be set. The axis containing the telescope is tilted to correspond to the latitude and, under
certain conditions, the telescope may be inclined for declination. Rotation about the equa-
torial axis is by a clock set for Greenwich time. The longitude correction to time is set
into the clock by rotating the entire mechanism by the hour angle corresponding to the
longitudinal difference from Greenwich:

In flight, the airplane is steered by compass to within 10° of the desired course, where
the solar navigator begins to function. The sun’s rays enter the telescope obliquely and
are concentrated on one of the photosensitive plates, and the photoelectric action produces
a current which causes a deflection of the indicator on the instrument panel. This indicator
is so set that it shows the direction toward which the plane must be turned to approach
the true course. As long as the plane is on true course, the sun’s rays are concentrated
directlv in the center of the telescope field and do not strike either photosensitive plate.
Since no current is produced in that event, the indicator is not deflected and the needle
remains straight up, indicating that the plane is “on course.” The control obtained through
this instrument is visual and corrections for “off course” indications must be applied
manually by the pilot. The instrument, therefore, is not similar in any way to an automatic
pilot, but merely furnishes visually a continuous solar azimuth observation which is trans-
mitted electtically to the pilot by means of the indicator dial.

The instrument is alwavs used in conjunction with a gyroscopically stahilized B-3
(Pioneer) drift sight (see 2334), hy which the course made good can he projected ahead.
The rotating part of the drift sight is connected to the azimuth-sensitive part of the solar
navigator by autosyn motors, so that the established angle of drift is automatically set in
the solar navigator head at a point above the azimuth circle. so that true azimuths are
indicated and flown automatically when the drift is correctly set. This instrument is most
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useful in flying lines over areas that are devoid of landmarks and idenuiying features or
where there arc no maps that can be used to locate the flight lines with reference to land-
marks.  \Vith this instrument it is possible to flv flight lines very nearly in the desired
direction, and with its associated drift sight to position the flight lines and determine ground
speed readily.

2338. Intervalometer

Ii aerial photographs are to De effective for mapping they must be flown in strips in
such manner that the centers of the immediately preceding and following photographs will fall
just within the limits of the photograph being taken. In other words, as generally stated,
the forward overlap must be a little more than 50 percent. (See section 2421 for end-lap
specifications. )

During aerial photography photographs are properly spaced by timing the interval
between exposures. It is readily apparent that the time required between exposures is a
function of the angular field of the camera, the flying height of the airplane, and the ground
speed of the airplane.  Once the camera has heen selected and the scale determined. two
of these variables have been fixed, and the photographic navigator has only to determine
the ground speed of the airplane. Ground speed cannot be determined directly from air
speed because it is also a function of the direction and force of the wind at photographic
altitude. The ground speed itself is generally not actually measured—instead, the time
that elapses while the airplane is traveling an angular distance equal to the angle between
adjacent photograph centers is measured. This is done with the bombsight, the B-3 drift
sight, or with the camera viewfinder, with any one of which it is possible to observe a
ground object as it passes across the field of view and to determine the time that it takes
to pass a given number of degrees.

Most aerial cameras are equipped to be operated electrically and an electric impulse
trips the shutter, winds the shutter for the next exposure, and advances the roll of film so
that it is in position for the next exposure. It is possible to operate such cameras manually,
using a stop watch to space the exposures. However, an intervalometer is usually used to
furnish these electric impulses to the camera automatically, at any desired interval that is
set on its dial. The photographer is then free to check drift, overlap, position of flight lines,
and general operation of the camera without having to concentrate on timing the exposures.

2339, Miscellaneous Equipment

In addition to the navigating instruments and photographic equipment, the airplane
should be provided with an interphone system so that pilot, navigator, and photographer
can converse freely and thereby obtain a maximum of coordination with a minimum loss
of time.

For personal comfort and efficiency, it is quite necessary that the airplane be provided
with an efficient heating system since photographs are generally taken at comparatively high
altitudes where temperatures would otherwise be very uncomfortable to operating personnel
with attendant loss of efficiency.

Oxygen should be available in all photographic airplanes because operations are
generally at 10,000 feet or higher and oxygen is generally considered desirable for personnel
at these altitudes.
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24. GENERAL INSTRUCTIONS FOR AERIAL PHOTOGRAPHY

Project instructions accompanied by flight maps are prepared by the Washington Cffice
for aerial photographv. The project mstructions include specitications {or ail those phases
of aerial photography that vary from project to project, such as the camera to be used, the
altitude, etc. This section includes the general instructions which shall apply to all projects
unless otherwise stated in the project instructions.

241. FLyinc FOR AERIAL PHOTOGRAPEY
2411. Placement of Flight Lincs

Flight lines shall he placed as indicated on the Hight maps except where local conditions
make it impracticable to fly the lines exactly as shown on the maps. The exception apples
particularly to photography in Alaska where the available maps are sometimes not suitable
for flight maps. In such regions, the flight maps may be considered as indications of the
coverage desired and, if the specified lines cannot be followed exactly, coverage may be
obtained in the most feasible manner, adhering to the requirements for end lap and side lap.

Where clear weather is the exception, and it is necessary to photograph through open-
ings in the clouds, the direction of the lines may be changed to take advantage of the clear
areas, planning to return later to photograph the omitted areas. This should not be done,
however, unless it is reasonably certain that the gaps can be photographed later to cover
the area completely.

On every flight line the airplane shall be at altitude and on course at least 2 minutes
before taking the first photograph. This provides a minimum time for steadying on course
and attaining the level flight necessary for satisfactory photography.

2412. Scale and Altitude

The flight altitude above sea level will be specified in the project instructions. This
altitude shall be attained by reference to a suitable sensitive altimeter, corrected for local
station pressure when practicable, and for the average temperature of the air column. Radio
" reports shall be used for this purpose when available during long flights. The temperature
of the air should be noted at every 2,000 feet of altitude while climbing. If a continuous
gradual decrease in temperature is noted, the average of sea-level and flight-altitude tem-
peratures may be used; but if not, the average of all temperatures must be used to obtain a
satisfactory correction. (See 2332.).

The altimeter index correction shall be checked on the ground at frequent intervals by
setting the station pressure dial to the correct value and comparing the altitude reading with
the elevation of the airport.

2413, Tilt

Every effort shall be made by navigator, pilot, and photographer to avoid tilted photo-
graphs. Flight lines shall be started sufficiently in advance of the first photograph to align
the airplane on course and position and to avoid any but minor corrections to position or
altitude during actual photographv. The photographer shall make every effort to level
the camera as exactly as possible at the moment of exposure.
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2414. Turns

So far as practicable, flights shall be made on straight courses, except where otherwise
indicated on the flight maps. Where the course of a flight line changes a greater number
of degrees than permissible, a 180° turn shall be made and the airplane shall be flown hack
far enough to turn and allow a period of at least 2 minutes for steadying on the new
course hefore reaching the position for the next photograph. This is essential for the
proper regulation of overlap and crab and to avoid possibility of excessive tilt. The
automatic pilot (2335) shall be used to fly photographic flight lines. The permissible minor
corrections to course during photography should be started about 2 seconds after the camern
warning light has gone out so that there will be as much time as practicable for steadyving
down before the next exposure; no correction to course or altitude shall be made while the
light warning that a photograph is to be taken is lighted.

(@) Nine-lens.—The course of a flight line shall not be changed more than 15° for
1:10,000 scale photography or more than 30° for 1:20,000 scale photography.

(b) Single-lens~—The course of a flight line shall not be changed more than 5°,

242. PHOTOGRAPH COVERACE

The desired coverage is indicated on the flight maps. If the map base is inaccurate,
deviation from the outlined pattern of flight lines and pin-points is authorized, but the
indicated area shall be adequately covered, applying the following principles

(a) The coast shall be photographed in straight flights, as nearly over the shoreline as practicable,
while complying with the requirements regarding turns (2414) and ensuring that the centers of very
few photographs are above water areas. To avoid numerous turns or breaks in the flight line, it is
satisfactory if the shoreline appears not farther seaward from the centers of the photographs than the
center of a wing print on nine-lens photographs or than about three fourths of the distance to the edge
of sjngle-lens photographs, in areas where the coast is low and flat or gently sloping. Where the coast
is rugged, and bordered by steep slopes or bluffs, it is essential that photographs be centered over, or
very nearly over, the shoreline; or, where the shoreline is one side of a waterway, that it appears not
more than halfway out in the wing print of nine-lens photographs or three fourths the distance out on
single-lens photographs of a flight along the other side of the waterway. Where the coast is broken and
indented, the navigator must have the photographer pin-point each exposure along the approximately
straight flight lines, instead of using a regular interval, so that the photographs can be centered over
the land, so far as practicable, with all parts of the coast appearing in at least two photographs. The
navigator shall use the bombsight or other suitable device to enable him to expose pin points with suitable
overlap along flight lines. As an island or peninsula is approached, it should be practicable to estimate
whether two, three, or four exposures will be necessary to obtain views of both slopes of hills, but the
overlap should seldom exceed 80 percent unless the slopes are very steep and high and should never be
less than 55 percent.

(b) It is important that every detail of the shoreline appears clearly in at least two photographs.
A careful watch must be kept, and places that do not appear should be marked on the navigator’s
chart immediately as they are noticed and ptn-pointed at a later time. Shoreline may not appear satisfac-
torily on two photographs because of being hidden by steep bluffs, because of being on peninsulas or
points projecting seaward too far from the photograph centers (see a), or from other causes. When
taking pin points the requirement for turns (see 2414) must he complied with.

(¢) The terrain shall also be watched to make sure that the bottoms of the valleys and all slopes
appear on at least two photographs. When using the mine-lens comera and the flight strip approaches
a volcanic cone, an isolated peak, or sharp ridge much higher than the adjacent terrain, or a deep nar-
row valley transverse to the flight, the automatic regular interval shall be abandoned and photographs
shall be taken at the shortest interval that the winding cycle and re-establishment of the vacuum will
permit, until the terrain beneath the camera is again at the general level.

(d) If a flight line crosses the shoreline it is essential that the first and last photographs over land,
be so positioned that their centers are over or very close to the shore (see also 2441(e¢)).
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2421. End Lap

The end lap (overlap in line of flight) shall be as follows:

(a) Nine-lens—Successive exposures along the line of flight shall overlap approximately 67 per-
cent. If rehef exceeds approximately 3 percent of the flying height, or if the terrain is rough with
steep slopes or bluffs, the end lap shall be increased to approximately 80 percent computed at the
average terrain elevation. The regular interval shall be abandoned while crossing a mountain or deep
transverse valiev. Photographs of such terrain shall be talen as often as the camera ovele of opera-
tion will permit.

(b) Swmgle-lens—End lap on single-lens photographs shall be 60 percent with a wlerance of =5
percent. Where terrain relief exceeds approximately 3 percent of the flying height so that for the
highest terrain there is an effective decrease in the Hving heizht above the ground, the nominal timing
interval shall be decreased to give overlap not less than 35 percent for the highest terrain.

2422. Side Lap

The side lap (overlap of adjoining flight lines) shall be in accordance with the following
provisions, to be measured on the net width of the strips, deducting offsets caused by crab
(sce 2423):

(@) Nine-lens—Side lap shal! averaze 60 percent with a tolerance of =10 percent. Spacing of lines
must be reduced in areas oI pronounced reliei so that the side lap is not iess than o0 percent for the
average terrain nor less than 10 percent for the highest points such as isolated peaks. If mountain
ranges are parallel to the flight lines, additional strips may be required 10 provide usable sterescopic
coverage.

(b) Single-lens.—Side lap between adjacent flights shall be 30 percent with a tolerance of 13 per-
cent. This nominal side lap shall be increased for terrain with pronounced relief so that the minimum
side lap for the highest terrain on any particular flight strip shall be 10 percent. Requirements for side
lap are to be applied when area coverage is specified or in the determination of necessity for reflight
where actual flights do not correspond to the requirements of the flight map. The flight lines indicated
on the map should be followed where side lap in excess of these requirements is indicated.

2423. Crab

If the photographs in any flight are crabbed in excess of 10° from the direction of
the flight line as indicated by the principal points of consecutive photographs, the line shall
be reflown.

' 243. PHOTOGRAPHY

Photographs for use in mapping must be of the highest quality obtainable with the
equipment used and under the conditions prescribed in the specifications and instructions.
This requires constant attention and effort by navigator and photographer to ensure perfect
functioning of equipment at all times, and a continuing endeavor to devise improvements in
procedures, methods, materials, and equipment so that all photography secured by the
Bureau will be of optimum quality and utility.

2431. Photographic Quality

Except as approved for special conditions, as when photographing airports or harbors
for revision, photographs shall not be taken for mapping with the nine-lens camera when
the visibility of the terrain from photographic altitude is less than 15 miles in a direction
toward the sun, or with a single-lens camera when less than 10 miles. There shall be less
than 10 percent of clouds or cloud shadows in the area photographed, except that this
limit may be waived in order to complete an area, providing additional photographs are
taken of the obscured places to show all the terrain clearly on at least two photographs.
In the United States photographs shall not be taken when the sun is less than 30° above the
horizon. These requirements cannot be strictly followed in Alaska, where photographs
should be taken whenever the light is sufficient to obtain negatives of satisfactory density.
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Figure 2.11 is convenient ior

2432. Solar Altitude Diagram

TOPOGRAPHIC MANUAL—PART II
Various tables and charts are available for determining the time and duration of solar

altitude above the minimum of 30° prescribed in 2431.
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determining the time and duration of solar altitude in the United States. It consists of a
map of the United States on which has been superimposed a serivs of curves indicating
the duration of solar altitude in excess of 30° at various dates and latitudes. The latitude
scale of the curves is the latitude scale of the map.  The time scale of the curves is horizental
but is not related to longitude. To use the diagram, plot on the map the position of the
area to be photographed and draw a horizontal line through this position. Estimate by
interpolation the position of a curve for the date of the proposed photography. Drop
verticals from the intersections of this estimited curve with the herizonral line already
drawn through the location of phatography. The intersections of these verticals with the
time scale at the bottom of the diagram indicate the times between which the sun is above

an altitude of 30°. .
The times given are local mean time.  They must be corrected for difference in longi-
tude between the site of photography and the meridian of the standard time zone. The

correction 15 found by dropping a vertical from the wap position of the photography 1o
the correction diagram at the bottom of the map. This vertical line will intersect the
diagonal line for the appropriate standard time zone. .\ horizontal line is drivwn through
this intersection to the edges of the map. The intersections of this hotizontal line with
the vertical time scales at the edges of the map indicate the proper correction to make to
change local time to standard time, and the proper sign of the correction is indicated by
the notes, Photograph earlier than diagram time, or Photograph later than diagram time.
The diagram is constructed for use with standard time. If daylight-saving time 1s used,
the appropriate correction for it must also be made.

2433. Test Exposures

At least one negative of each day’s photography should be developed as soon as prac-
ticable after the flight to check for exposure and functioning of the camera. If necessary,
additional exposures shall be developed, varying the time and/or the developer until a
satisfactory development has been obtained. Complete data regarding the development
and the flight shall be entered in the photographic flight log. Standard time shall be
used and the time meridian shall be noted in the log. Three copies of each photographic
flight log shall be made. The original copy shall be retained by the navigator; one copy
shall be attached to the can containing the film, and the other copy shall be forwarded
to the Washington Office with the transmitting letter by separate mail. The index
diagram on the back of the flight log should indicate any areas for which the coverage
is questionable. Such areas will be indexed as soon as practicable after development
of the film in the Office, and the navigator will be notified by radio where coverage is
unsatisfactory when the airplane has not departed from the area.

In addition to the requirements for exposures developed in the field, three exposures
(not to be used for mapping) are to be made at the beginning, and three at the end of
each roll of single-lens film to allow for irregularities in machine development. Two
exposures (not to be used for mapping) of nine-lens film at each end of the roll are
sufficient for this purpose.

When photographing airports or revision areas of a few photographs cach, two expo-
sures for special test development should be made after each area is photographed, but
the excess exposures for machine development as required in the preceding paragraph
shall be taken only at the beginning and end of each roll. The beginning and end of
photography likely to require special development shall be indicated by extra prick marks
on the film and by notes in the photographic flight log.
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Additional test exposures shall be made whenever opportunity offers, (as soon as
practicable after arriving at a new project with terrain that differs markedly from that
previously photographed) until the limiting light conditions under which satisfactory
negatives can be taken, as well as the optimum exposures, have been determined. In
Alaska, for example, suitable weather is so rare that the instructions authorize photography
when the sun 1s less than 30° above the horizon. Although the apertures of the camera
are opened to compensate for the weaker light, there may be arcas on the northerly
slopes of mountains, etc., in which shadows are so dark that they obscure detail. If
opportunity offers during cloudy but bright or high overcast weather, it mayv be prac-
ticable to rephotograph such areas at larger scales from below the clouds. If the apertures
of the lenses of the nine-lens camera are opened to {/6.8 and exposures are made at less
than 6,000 feet above the terrain, very useful images ordinarily will be obtained in cloudy
but bright weather. Similarly, photographs of white sand beach show better detail when
made in such weather or when the sun is quite low in the afternoon. The light meter
readings for both optimum and minimum usable exposures for the various types of terrain
are to be obtained by test exposures for each locality of extensive photography.

244, CAMERA MAINTENANCE

Aerial cameras are precision optical surveving instruments and require the care that
15 used in handling and operating any similar instrument. Lenses and filters should
be protected from damage and kept clean. No moving part should be forced to move—
investigate any lack of proper freedom of motion and remove the cause. Avoid occasion
for rough handling and do not place cameras where they may be knocked over or other-
wise damaged. Daily routine inspection should be made to discover incipient causes of
misfunctioning or breakdown,

2#441. 5 peéial Handling and Operation of Nine-Lens Camera

The following instructions apply to maintenance and operation of the nine-lens
camera, although some parts are applicable to single-lens cameras also.

(a) The camera, mirrors, lenses, and lens filters shall be inspected and cleaned as soon as practi-
cable after each photographic fiight. Salt spray or other corrosive solutions will destroy the evaporated
aluminum c¢oating of the mirrors if allowed to remain on them for long intervals. When not in use the
entire camera, particularly the mirror and lens assembly, shall be kept covered with the special covers
provided. The cleanliness of mirrors, filters, and lenses; the operation of the shutters and recording
lamps; the setting of the lens stops; the winding of the watch, and records on the data card shall be
inspected and attended to before each photographic flight.

(b) Ample time shall be allowed for inspection and maintenance, and the camera should be handled
slowly, gently, and carefully at all times. Any shock or jar to the camera may disturb its adjustment
and make accurate mapping from the subsequent photographs difficult or impossible. Both photographer
and navigator shall be responsible for the care and maintenance of the camera.

(¢) I the airplane has been standing in the rain or very damp foggy weather, it is desirable that
its interior be dried out by portable heating or other devices if practicable. Shutter and other camera
failures may result from excessive moisture freezing at photographic altitudes. The shutters should
be operated (without winding the film) about every 2000 feet while climbing in temperatures below 35° F.

(d) The intervalometer of the nine-lens camera is operated by gearing which must finish its cycle
to function. It is, therefore, necessary to use a special procedure at the beginning and end of photo-
graphic flights with automatically regulated exposure intervals to avoid poor coverage. The camera
operator is on the same interphone circuit with the pilot and navigator. He will thus be able to judge
when the airplane has reached photographic altitude from the conversation between navigator and pilot.
He will then make a preliminary adjustment of the camera and take two ¢xposures to assure that the



94 U. 8. COAST AND GEODETIC SURVEY

camera is functioning properly and to use up film which has been exposed to the distorting effects of
varying temperature and humidity during the climb. He will stop the intervalometer about 4 seconds
before it makes the third exposure. He will then be able to take the first exposure on automatic opera-
tion about 4 seconds after receiving the order 1, do 30 from the mavigator. When completing a <trip
on automatic operation, the navigator will order the photographer to “Stop camera after next exposure.”
After that exposure has been mude, the photographer will switch off the intervalometer 4 seconds
before the next exposure. This shall be done by switching off the intervalometer motor the instant the
5-second signal light starts its flash.

(e} When approaching the shore at the end of a strip on automatic interval operation, the navigator
will watch his camera exposure signal, and, if the last exposure does not (all within half a mile of the
shore, another exposure shall be made as near the shore as practicable. If the winding eyvcle and restora-
tion of the vacuum are not completed while the camera is still over the land. or there are steep slopes
near shore, this exposure shall be 1aken over the water, but as near tand as practicable. The order to
the photographer will be, “Stand by for a pin-point,” followed by: Tuake it at the proper instant. or
Take « pin-pomnt when ready which will mean to make an exposure as soon as the vacuum gage indi-
cates that the film is flat at the end of the winding cycle. ‘When receiving either order, the camera
operator should mmmediately shut off the intervalometer motor while mentally noting the tume interval
remaining until the next automatic exposure woild have occurred. After the pin-point, or pin-points,
have been taken and the winding cycles completed, he hould then turn on the intervalometer motor
and run it unul the >-second signal lamp starts to flash. thus placng the camera on the 4-second
“stand by” position. The foregoing procedure is necessary in order to avoid a double or blurred expo-
sure due to an undesired automatic trip which might occur before the film is sucked dat if the inter-
valometer is allowed to run while taking a pin-point. The procedure also assures that a photographic
strip using automatically regulated intervals can be started in about 4 seconds after the order is
received rather than after the longer interval which might otherwise be required for the camera to
complete its cycle.

The foregoing applies particularly to the operation of the nine-lens camera but similar
precautions are to be observed with other camera and intervalometer combinations when
necessary to insure correct placement of the exposures without vacuum failure.

245. FiLm SHIPMENT

Film for mapping photographs shall be forwarded to the Washington Office for
processing as soon as practicable after exposure, by railway express on government bill
of lading if in the United States, or by air express, or the most rapid available trans-
portation, if in Alaska, The transmitting letter shall contain a copy of the photographic
flight log.

246. REpoORTS

(a) Changes of base of the aircraft and the limits of large areas photographed, shall
be reported for operations in Alaska by routine radio at the end of the interval of good
weather during which the photography is accomplished.

(b) Reports on the progress of photography and conditions encountered shall be
made by air mail weekly.

(¢) On the completion of the season, the navigator shall submit a Season's Report
covering the operations, the work accomplished, the conditions affecting the progress and
quality of the work, and recommendations for changes in procedure or instruments for
similar work in the future.

247. Special PHOTOCRAPHS

I the Supervisors of the U. S. Coast and Geodetic Survey Districts, or officials of
the U. S. Coast Guard, or proper military or naval authorities contacted in the course
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ot the operations, desire special photographs. limited numbers of them may be taken if o do
so will not interfere materially with the progress of the work. Requests which cannor be
complied with without delaving regular assignments ghall be referred to the Thrector
by telegram.

25. FLIGHT PLANNING
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st ~elect the aerial camera to be nsed. Hm»r:mal mnmclcmri‘ms are given in 324, tl
available cameras are described in 222 and 223, and the selection of a camera for a par-

ricular kind of mapping is discussed in 251.

N

251, SELECTION OF CAMERA

The nine-lens camera is preferable for practically all hasic mapping of the coast (sce

2111 regardiess of the Gype of map. with te possible exception of large-scale mapping i
congested citv wateriront areas where control is plentful and the delineation of details must
be limited to a narrow angle of view because of the height and cougestion of buildings.
Stereoscopic plotting instruments for nine-lens photographs are now in use and such photo-
graphs may be used for graphic plotting of planimetric maps or stereoscopic contouring.
However, the laboratory output of nine-lens photographs is now limited by the fact that
there is only one transforming printer. Many more photographs can be taken in a
short period than can be processed in the laboratory in months, and pending the acquisition
of a second transforming camera the nine-lens camera is used for practically all mapping
photography in Alaska but in the United States for only an occasional area where the ground
control is sparse or the control problem is particularly difficult. Consequently, much of the
photography for coastal mapping in the United States is now raken twith single-lens cameras.

The Fairchild cartographic camera with 6-inch metragon lens is used for all photog-
raphy for stereoscopic contouring with the multiplex or stereoplanigraph.

The Fairchild cartographic camera or the K—17 camera with 6-inch metrogon lens is
used for photography to be used for planimetric mapping and for topographic mapping where
contouring is by planetable, and where the compilution scale is 1: 20,000 or smaller, except
in congested harbor or city areas. The photographs are taken at a scale of 1:30,000
or 1:40,000 and enlarged to 1: 20,000 for use in field inspection, planetable contouring, and
compilation by radial-line methods. A 6-inch camera is also sometimes used for photography
for 1: 10,000 scale mapping of relatively open areas where control is an important consider-
ation and details are not congested.

The K-17 camera with a 12-inch normal-angle lens is use(l for photography for pla-
nimetric mapping of harbor or city areas where control is plentiful and culture is congested.
In these circumstances the dennition of details s much more important than the coverage
per photograph.

The cartographic camera is also used to a limited extent to take single-lens photographs
for stereoscopic contouring of islands m Alaska at contour intervals of 30 or 100 feet. The
flight altitude preferable for stereoscopic contouring is sometimes too high for the recuired
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definition of shoreline detaws, so two scts of photograplis are often taken —nne sct of coniplete
coverage at high altitude for the contouring and a second set of the shoreline at lower altitude,
In some cases, these shoreline photographs are taken with the K~17 camera with 12-inch lens.

232. Fricut Maprs

Flight maps are prepared for each aerial photographic project.  The flight lines are
drawn on the best available maps at a scale of ahout 1 inch to 2 nules, or approximately
1:123,000. At this scale, the coastline and adjacent topography can be seen in sufficient
detail for the navigator's use in following the lines and the map 1s small enough to be
handled conveniently in the airplane.

Up-to-date topographic maps or nautical charts, where available, are reduced photo-
graphically as necessary 1o provide flight maps at the scale of 1: 125,000, Where large-scale
maps or charts are not available, flight lines are necessarily laid out on small-scale maps or
charts, and where the coastline or adjacent topographic features on these small-scale maps
are incomplete or generalized, the flight lines cannot always be followed exactly and ar times
the maps must be considered merely as an indication of the coverage desired.

AMost coastal mapping 1s of 4 zone adjacent to the cousiiine, and fitght lines are neces-
sarily arranged to parallel the coast. DBut where an inlind area or a coastal area with con-
siderable depth normal to the coast is to be photographed, the lines may Le arranged in a
north-south or an east-west direction,

The flight lines are carefully planned and laid out to provide photcgraphic coverage
of the shoreline and alongshore details, and at the same time to facilitate the photogrammetric
plotting with reference to available ground control. All shoreline and alongshore details
must appear on a minimum of two photographs. The coastline is rarely straight for any
great distance and, consequently, flight lines are often short and broken, rather than long
and straight. ]

The available ground control is diagramed and preliminary plans for any needed supple-
mental control are made concurrently with the flight plans so that the flight lines can be
laid out to utilize the control to the best advantage and to limit the supplemental control,
and to facilitate the photogrammetric plots. In some areas control points are available just
beyond the project limits and the photography is extended to include that control; and flight
lines can sometimes be arranged so that a control station is midway between two flight lines
and thus serves to control both. )

Generally, there is a greater density of ground control stations along the shore than in
any other part of a project area. Radial plots are stronger where the flight nearest the
coastline is well inside of these shoreline stations rather than immediately over them. Conse-
quently, where the coast is flat or gently sloping, the flight line nearest to the shore is placed
well inside of the control, but so that no part of the shoreline or alongshore details is farther
than halfway out on the wings of nine-lens photographs or three fourths of the distance
from the center to the edge of single-lens photographs. This flight-line placement, where
practicable, assures adequate definition of shoreline details and at the same time strengthens
the photogrammetric plots. Along precipitous coasts, one flight line must be vertically above
or just inshore from the shoreline, otherwise some shoreline details would be hidden bv
displacement of the alongshore bluff or cliff. For such conditions, additional flight lines are
often specified so as to provide hoth for the photographic definition of details and for a strong
geometric arrangement of the photogrammetric plots. Along some precipitous coasts, flight
lines or single photographs are deliberately laid out over water areas for the sole purpose of

obtaining adequate views of the shoreline.
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I'light lines are actually spaced to comply with the side-lap requirements for the specific
project and they are laid out on maps by use of the following formulas:

U':%XH and
A=1{1—-3s

where w=width of photograph negative (usually 9 inches for single-lens), j=focal length
of camera (in same unit as w ), A =Hyving height above average terrain, ['=ground length
of one side of square area covered by a single photograph (in same unit as ), s=side lap
(expressed in percentage), and A=ground spacing of flight lines (in same unit as J}I") which
is converted to map distance by applying the map scale.

Insofar as practicable, flight lines are positioned so that they pass over major topogra-
phic features that can be recognized and used by the navigator to fly them exactly as
mndicated on the map.

26. LABORATORY PROCESSING AND RECORDS

All aerial film is now processed in the Aerial Photographic Laboratory of the Division
of Photogrammetry at Washington, D. C.

Each completed rali of film is shipped to Washington by the aerial photographic
mission, properly identified on the outside of the can with a serial number which indicates
its sequence and the letter designating the camera with which it was taken. Accompanying
this film is 2 copy of the “Photographic Flight Log” (Form No. M-2621-12) on which
are listed data noted by the navigator at the time of exposure. Included are the date of
photography, time of day, location, approximate number of exposures, camera designation;
and various navigational data such as compass heading, drift angle, altimeter readings;

“and factors which affect processing, such as exposure meter readings, visibility, occurrence
of clouds, and the exposure times used. Remarks are also included concerning the character
of the terrain and about any test negatives that have been developed in the field,

261. LaBorRATORY PROCESSING

TFrom the data furnished on the Photographic Flight Log, a proper development is
selected which will give the most effective rendition of details. Development of aerial roll
film requires special equipment hecause of the sizes and quantities of film involved. Nine-
lens film is processed in special large tanks through which the film is drawn by cranking
it back and forth between spools of suitable length and diameter. After development, the
film is cut into separate exposures and thoroughly washed, and then placed on open plastic
screen frames to dry naturally without any artificial treatment that might tend to distort
the film.

Single-lens film is processed in a specially designed motor-driven machine. The film
is wound back and forth between two vertical spools that are completely immersed in the
solution. The winding is done by an electric motor that automatically reverses the direction
of movement each time the end of the film is reached. The film is fixed and washed in
the same machine and, after it has been washed, it is placed on a special drying machine
that draws the film around the periphery of a cvlindrical drum in the center of which a
fan is placed. The fan forces air outward from the center against the film and prevents
damaging contact of the film against the surface of the drum while the film is wet and soft.
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After having been dried, the film is returned to the original spool on which it was receiverl
and stored in the can. Single-lens film is not cut into individual exposures, the entire roll
usually being stored intact.

262. InspECTION AND INDEXING

After processing, all film is inspected for photographic quality, proper functioning of
the camera, etc. It iz indexed and carefull checked f{or overlap and placement of flight
lines against the flight map furnished with the instructions for the photography. A report
is prepared for each project or major subdivision of a photographic mission, so that the
flight crew can be apprised of the outcome of their work and whether or not it complies
with the specifications and instructions.

Nine-lens film is indexed on map bases by direct examination of the aerial negatives—
prints are not made specially for indexing. The positions of the centers of photographs
are spotted on the index base and numbers of the exposures are taken directly from the
negatives where they are photographically recorded from the counter on the camera.
Single-lens photographs are usually indexed from a preliminary set of contact prints specially
printed for the purpose, and overlap and placement of flight lines are usually checked at
the same time. If a fairly large area with a number of parallel flight lines has been
photographed, a “shingle mosaic” index is usually prepared from this set of contact prints.
Photographic copies of the mosaic serve as detailed indexes from which to select photo-
graphs of any part of the area. On single-lens film the exposure number, camera desig-
nation, date of photography, and other specific data are stamped by hand on each negative
{see 156) with a rubber stamp. This information appears on every print subsequently made.

Smooth indexes at the scale of 1:250,000 are prepared on special map bases which
normally cover 1° of latitude and 1° of longitude-—for the higher latitudes of Alaska each
index may include 2° or 3° of longitude. On these bases each line of photographs is shown, ’
with the centers of the individual photographs indicated by dots, with numbers shown at
convenient intervals, so that it is possible to select the exact print, or prints, to include
any area. Separate indexes on the same bases are maintained for single-lens and nine-lens
photography. Each index also lists the numbers and dates of the photographs that are
indexed on it, together with the designation of the aerjal camera used and the scales, so
that appropriate selection may be made for any available coverage.

In addition to the index maps, master log books are kept which list each exposure
by number, date, and camera designation, and in which are recorded such specific data as
time of day, project number, area, and remarks about any peculiarities of any specific
exposures. These log books provide a means of identifving any photograph solely by its
number, which is impossible on the indexes unless the approximate area is known, and they
often contain specific data which are helpful to the map compiler.

263. Tyres or PHOTOGRAPHS

Requests for Bureau use for all aerial photographs from negatives owned by the Coast
and Geodetic Survey are filled in the Aerial Photographic Laboratory: and, insofar as
laboratory facilities permit, requisitions or orders for photographs from other federal
agencies, State and local governments, and private organizations or individuals will be
filled at the discretion of the Bureau.
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The types of photographic prints furnished are :

(a) From nine-lens negatives:
1, Transformed prints on matte paper for field use.
2. Transformed prints on waterproof paper for radial plotting.
3, Transtormed prints mounted on aluminum sheeting for high accuracy plotting.
4. Rectified prints mounted on aluminum sheeting for use on the Reading Plotter.
(b) From single-lens negatives:
. Contact prints on matte paper for field use.
. Ratio prints (enlargement:) on matte paper for field use.
Ratio prints on waterproof paper for radial plotting.
. Rectified prints for controlled mosaics and other special uses.
. Diapositive prints (positive prints on glass): (o) 6.4 cm. by 6.4 cm. for multiplex map-
ping, and (b) 24.7 em. by 24.7 cm. for mapping on the stereoplanigraph.

N R T

264. Printine EQUIPMENT

Transformed prints from nine-lens negatives are made on a special - transforming
printer in which the nine separate images are optically projected and printed on one piece
ot photographic paper, with the junctions of the images matched and the original oblique
wing chambers restituted to form component parts of a single wide-angle photograph (see
223 and 622). This printer reconstructs the angle of the oblique views and by oblique
projection with differential enlargement transforms them into the plane of the center chamber.
This requires a close calibration of the camera and the use of a number of minor corrective
motions on the transforming printer to compensate for slight deviations of the adjustments
of the nine-lens camera.

If the camera axis was not truly vertical at exposure, nine-lens transformed prints, like
single-lens prints, have displacements due to tilt of the camera axis. If the airplane did
not fly at constant altitude during a flight, the photographs do not have the same scale. For
some processes, particularly contouring with the Reading Plotter, the photographs must
be at the same scale and with tilt eliminated. This is achieved by printing from the criginal
tilted print through a large projector, or rectifying camera, specially constructed for use
with nine-lens photographs, in which it is possible to tilt the copy board, lens, and tilted
print as desired and vary the projection distance by setting scales to precomputed positions
so that the resultant projection print is at the desired scale and is the equivalent of an
untilted photograph (see 623). Rectification of single-lens negatives is achieved by direct
projection from the mnegative onto the copy board of a Zeiss SEG—4 automatic focus
rectifier. On this rectifier the copy board, lens, and film holder have coordinated motions
that automatically maintain correct adjustment for focus. The film is projected and varied
by trial until the image is visually corrected.

Ratio prints (enlargements or reductions from the original size) are made by projection
of the negatives in a Saltzman precision projector on which any desired ratio within the
limits of the instrument is obtained by setting the lens and film holder to their proper
distances by setting to precomputed positions on scales.

Diapositive plates (positive prints on flat glass) are made for multiplex mapping by
reduction in a special multiplex diapositive printer which reproduces from the original
negative at the exact reduction desired. In this printer the lens system is designed to
compensate for inherent distortion in the metrogon lens (see 631), Diapositive plates for
the stereoplanigraph are produced either by direct contact printing from the original nega-

tive or by 1: 1 ratio projection printing in the Saltzman projector.
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CHAPTER 3. PHOTOGRAMMETRIC THEORY

This chapter deals with the theoretical principles that form the basis of many af the
practices used in photogrammetry. The purpose is to explain to the phatogrammetrist the
fundamental reasons undetiving his activities, to give him a well-founded basis for under-
standing the entire field of photogrammetry, to impress on him that the practice and theory
of photogrammetry are far from being fully exploited, and ro encourage him to study
further into the many problems.

The theory is explained largely by simple mathematics.  The mathematical approach is
necessary because a photograph is a practical application of geometry which requires solu-
tions involving graphic construction or algebra, trigonometry, and analyvtic geometry, As
stated by Professor Larl Church, “Mathemarical znalysis provides an effective means of
teaching the fundamental thecry of photogrammetry.” In fact, without the tool of mathe-
matics, one's understanding of photogrammetry might be cumbersome and limited.

An attempt 1s made to employ the simplest analvsis practicable so that the text can be
understood by the high school graduate. The reader must have an introductory knowledge
of trigonometry ; further mathematical background is helprul but not essential.

This chapter contains more material than is generally utilized in practice. The con-
siderations that are involved in making planimetric maps from vertical photographs are in
sections 31, 32, 33, and part of 34. The material through section 36 affects the making
of topographic maps. Section 37 consists of an introduction to the use of horizontal and
oblique photographs.

31. OPTICAL PRINCIPLES

Geometric optics is discussed here with sufficient completeness for the understanding
and development of subsequent principles of photogrammetry. The subject is considered
more fully in the Manual of Photogrammetry (American Societv of Photogrammetry) and
in the Fundamentals of Optical Engineering.! A more thorough knowledge of optics is
required for the design of optical instruments and for many research problems.

311. T FuncTtiox ofF A LENS

Photogrammetric mapping depends on the use of lenses for many of the various steps:
for taking the original photographs; for ratio printing; for transforming or rectifying; for
reproducing photolithographic plates; and for aiding the human eve in viewing photographs
and maps. In each of the steps except the last one, the lens forms a real image of predictable
dimensions on a plane surface located in a definite position. In the last step the lens
operation is such that when it is used in conjunction with the human eye, a real image is
formed on the retina (331).

312. Tae Ioka or Licat Rays

In photography the object is considered as being composed of a group of many minute
points. Each object point is regarded a source of illumination, projecting rays of light in
all directions in divergent and radiating straight lines. Every point not in the object (such
as the pinhole of a pinhole camera) ‘lies in the path of one ray of light from each object
point. Every grea not in the object (such as the opening of a camera lens) lies in the
paths of many of the divergent rays of light from each object point. The rays from a
single object point to a lens form a cone of rays having the leas for its base and the object

« Jacobs, Donald H., Fundamentals of Optical Engincering, pp. 1-90.



TOPOGRAPHIC MANUAL—PART II 101

point for its apex. The rays of this cone are deflected by the lens in a systematic manner
so that they reunite in a single, definite, distinct point called the image. The cones of rays
from all the other object points also simultaneously converge into their respective distinct
image points without interfering with one another.

313. THE LENS-PINHOLE ANALOGY

A photograph made with a small pinhole aperture having no glass parts is a criterion
for the geometric performance of a lens. The obvious objection to the use of a pinhole
camera is the long time that is required (3 minutes is not unusual) for the small amount
of light to cause the necessary change in the photographic film. The exposure time sup-
posedly could be shortened by emploving a larger pinhole, but this results in a lack of
image sharpness (resolving power or definition). If a pinhole can be regarded as admitting
but one ray of light from each object point, then a larger hole would admit many divergent
ravs which would continue to diverge until intercepted by a screen or film. The image of
the object point would then consist of an illuminated area instead of a single point. A lens
is used to cause the cone of rays to converge to a point image at the same place where the
image would be formed by a small pinhole. Hence, a lens is a device that causes sharp
images to be formed in the identical positions obtainable with a pinhole, and at the same
time admits a sufficient amount of light in a very short time to sensitize photographic film.

314. SnerL’s Law or REFRACTION

Snell’s law for the refraction (deflection) of a ray of light on passing from one
transparent material or medium, such as air, into another medium, such as glass, can he
expressed in part by the equation:

sms_ (3144)

sin ¥

Normal

Angle of incidence’

Figure 3.1.—Refraction of a ray of light.

§37082°—50—8
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which ¢ (fig. 3.1, is the angle of incidence measured from the incoming ray to the line
(normal) that is perpendicular to the dividing surface hetween the two mediums at the
point of contact, » 15 the angle of refraction measured from the outgoing ray to the normal,
and » is the index of refraction of the second medium divided by the index of the first.
{ The index for air 1s one.1 The index 1s a constant value for the same two mediums for all
pairs of values of i and r. The law also states that the incident ray, the normal, and the
refracted rayv lic in the same plane. The value n can also be expressed as the velocity of
light in the incident medium divided by the velocity of light in the refracted medium. The
principle of refraction 1s the basis for the design and the operation of all lenses.

315. THE S1mpLE LENs Law

A symmetrical double convex lens is perhaps the simplest type of photographic lens,
reading glass, and magnifier. It is considered here because of simplicity of illustration, but
the reader should realize that there are a multiple of possible shapes and complexities which
in practice frequently enter into the design and construction of a lens to be used for such
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comparatively simple purposes. A lens is a piece, or a combination of pieces, of glass or
other transparent material shaped so as to bend rays of light svstematically in a desired
manner by means of refraction. A double convex lens may be visualized (see fig. 3.2) as
operating somewhat as if it were composed in cross section of two glass wedge prisms placed
with their thicker edges together. A wedge prism deflects a traversing ray of light toward its
thicker side in accordance with Snell’s law. It is practicable to grind a lens surface either
spherical or plane, and it is extremely difficult to grind any other regular surface.

Figure 3.2 shows a sectional view of a double convex lens. The part of the figure
below the lens is here called the object space, and that part above the lens is called the
image space. (In most enlarging cameras the system is inverted.) Light ravs are regardud
as originating in the object space, as at 4, and passing upward through the lens to the
image space. The object « 1s the source or apex of a cone of light ravs of which only
three are indicated: .y, .1., and ;. The point /2 is the center of the sphere of which the
first or lower lens surface is a part. R’ is the center of the sphere which contains the
second lens surface. The radii of the spheres are » and »’, respectively, and are not neces-
sarily equal. The line RR’ connecting the centers of the spheres is called the lens axis.
The two nodal points NV and N’ are discussed in 3186, but for the present thev are considered
as being so close together that they can be regarded as a single point at the center of the
lens. The distance u from A to the lens is called the object distance and is always measured
parallel to the lens axis. Similarly " is the image distance from the lens to the image,
measured parallel to the lens axis. It should be apparent that the distance i’ from the lens
to the reintersection 4’ of any two rays of the cone of rays is a definitely fixed quantity.
The value can be computed somewhat like a traverse in surveying, using Snell’s law to
obtain angles of deflection and using the quantities n, y, u, ¢, r, and 7’ as known values.
if v and ¢ are small relative to both # and «, it can be shown that :

G =] (3154)

'd nrr'

(No attempt is made to set up a convention as to algebraic signs. Hence 7, 7/, , and " are all regarded
as positive values, and the formula as it stands does not then appiy to any other than a double convex
lens.) ‘

The relation is derived from figure 3.2, using only geometry, trigonometry, and algebra.
It should be noted that the value y does not appear in the equation, and that all the terms
of the right side of the equation are constant values related only to the shape of the lens
and the index of refraction of the glass.
Where the lens thickness ¢ is very small, the relation is expressed more simply:

U k2

1 1 1 1
=4 = (n—1) (;—-[—7). (315B)
Equation 3154 is often used for approximate computations. It may be further simplified

to its most common form by representing the entire right side by the term ?1, or:
L

7

This equation is -variously known as the simple lens law, the thin lens formula, and the
conjugate foci law. .

The guantity § in equation 315C is the focal length of the lens—a value which is deter-
mined by the shape of the lens and the kind of glass. Where the object distance i is very

1 1
—tir= (315C)
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large (100 or more times the image distance) the first term of equation 315C is essentially
equal to zero, whence 1’ = f. For this reason an aerial mapping camera has a fixed cone
which supports the lens at a constant distance f from the film. This principle also provides
a quick method for a rough determination of the focal length of a lens: a lens and a screen
are supported so that the screen (such as a piece of white paper) is perpendicular to the
lens axis and so that a sharp image of a distant object (the sun, or a building across the
street) is formed on the screen; the distance from the lens to the screen is the focal length.
Equation 315C can be rearranged bv algebra to vield the following useful forms:

o .
"= a7 (313D}
. _f -
= =7 (J12E)
it oy m
f._m (JJJF)

Frxample 1. A photographic lens of 10-inch focal length is placed 60 inches from a copy board.
Compute the proper distance at which the film should be placed to obtuin sharp focus images.
Solution: Using equation 3I3E,

60 X 10
u'-:60 — w:lZ inches.

Example 2. A lens that is supported at a distance of 10 feet from a target forms a sharp image
of the target on a white screen 8 inches away. Compute the focal length of the lens.
Solution: 10 feet = 120 inches. Using equation 3I15F,

20X 8
f=}78.4_ 8:7.5 inches.

316. Nobaxr Points

The development of the simple lens law was based on the assumption that the lens
thickness ¢ was a small value, In practice, however, a lens is composed of several variously
spaced elements each of which has a thickness that cannot be ignored. Hence, the lens
center is not a valid point from which to measure the object and image distances » and
for use in equation 315C. Instead, two points N and N, called nodal points, (see fig. 3.2)
on the lens axis are used. Their positions relative to some definite lens surface or to some
part of the lens mounting are usually determined experimentally and can be computed. The
two points are so located that if the object distance is measured from one of them and if
the distance to the sharp-focus image is measured from the other, then equation 315C is
valid, even for a complicated lens assembly of several elements considered just like a simple
lens. Incidentally, if a lens is rotated about its image nodal point, the image positions
remain stationary.

The nodal points are sometimes reversed from their seemingly logical order, and some-
times they lie entirely outside the lens assembly. The nodal points of a simple symmetrical
convex lens are usually situated about one-third the thickness of the lens inside the respective
front and rear surfaces. The image nodal point of a telephoto lens is usually located in
front of the lens assembly, thus enabling the use of a long focal-length lens with a relatively
short camera assembly.

317. MAGNIFICATION

The term magnification has two specific definitions of importance:
1. Lateral linear magnification, or simply linear magnification, is the term which is
usually associated with photography. It is defined in optics as a lateral dimension ¥ in
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the image (see fig. 3.2) divided by the cnrresponding dimension y in the object where the
object dimension is in a plane perpendicular to the lens axis, or

V'

13

m —=

(317.4)

From the sinilar triangles in the figure, it is apparent that the equation can also he
expressed

v

m :_;:_, (317B)
Where the object and image are of equal size, 1 equals one; where the image is larger
than the object, as in photographic enlurgement, then s is greater than one; and where
the image is smaller than the object, as in an aeral photograph, i is less than one.
Equation 3178 is frequently combined with 375D and 315E by algebraic substitution
to yield the following useful forms:

1
11:)‘(1—}-—-— . (317C)
#t
1 =f(14-m). (317D)
Lxample. The focal length of a photographic enlarger is 10 inches. Compute the distances from
the negative to the lens and ifrom the lens to the easel to yield a sharp-focus enlargement of 214
diameters,
Solution: m == 2.5. Using equations 3I7C and 317D,

1 .
=10 (1 -+ 2—5-) = 14 inches.
Fourteen inches is the distance from the negative to the lens (the negative is the object in this application).
uw’ =10(1 + 2.5) =35 inches.

2. Angular magnification applies to seeing and is used with reference to certain
optical instruments where the object and image distances are not readily measurable.
Angular magnification refers to the size an object seems to have to the eye using an optical
device, contrasted with the apparent size when not using the device, For a simple magnifier
the magnifcation M can be expressed as

10

M (in diameters) — m

(317E)

where f is the focal length of a magnifier lens in inches and the magnifier is placed at the
distance f from the object. Magnification is also expressed in diopters:

1

M (in diopters) = m .

(317F)

Example. Find the focal length of a magnifier lens that will ¢reate an apparent magnification of
four diameters.
Solution: f =2.5 inches. From equation 3I7E,

1 10
f= -ﬂ% =7= 2.5 inches.
318. LENS ABERRATION

Lens aberration is the failure of a lens to produce a perfect image in correct position.
The various types of aberrations may be divided into two principal categories: (1) those
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that cause lack of image definition, and (2) those that cause image distortion. The under-
lving reasons for the inability of a lens to duplicate the theoretical performance of an ideal
pinhole are:

(a) Image rays passing through different parts of a spherical-surface glass lens do not intersect
at a point.

(b) Even if image rays did intersect at a point, image positions do not change uniformly with
changes in object positions.

(¢) The white light used in aerial photography is composed of all the colors, whereas the index
of reiraction of glass is different for each of the colors (dispersion).

(d) Lens manufacture is limited to the use of spherical surfaces.

(¢) Lens manufacture is limited to the use of a relatively small group of refractive materials.

I.ens aberration can be combated by the lens designer by altering several variahles. The
designer may choose :

(@) The number of elements.

(#) The radius of curvature of the surface of each clement.

(&) The thickness of each element.

(d) The spacing of the elements.

(¢) The arrangements of the elements.

(f) The index of refraction of the glass of eachh clement—the angulur deflection through which a
rav of light is bent upon entering the glass.

{g) The dispersive power of the glass of cach element—the relative width of the spectral band it
which glass spreads a heam of white light (a characteristic which is somewhat independent Zrom index
of refraction).

(h) The diameter of each element.

(1) The placement and sizes of stops or traps for stray light

319. THE AERIaL CAMERA LENS

The aerial camera lens is perhaps the ultimate in lens design and places the greatest
demands on the lens designer. Four features are of great importance: (a) sharp image
definition (resolving power), (&) small distortion, (c) high speed, and (d) wide angular
coverage. It can be said that the features are all mutually inconsistent, as the accomplish-
ment of any one feature imposes obstacles against the realization of each of the others.

Imagine definition (resolving power) is expressed as the maximum number of lines
per millimeter that a lens is capable of reproducing under laboratory conditions.. A typical
number is 50 lines per millimeter at the center of the angular field, decreasing to 20 lines
near the edge. This is consistent with the grain of the photographic emulsion, aircraft
motion, and camera vibration. Image definition is considered of very great importance.

Lens distortion can be made essentially zero with narrow angular fields and slow lens
speeds. Characteristic amounts for a wide-angle lens are zero at the center of the field,
4005 mm. at half the angular field, and ~0.10 mm. near the edge of the field. Lens
distortion usually does not affect the compilation of planimetric maps but is highly important
in the determination of elevations from photographs.

Lens speed is expressed in terms of the f/ number in the formula:

__ focal length
 lens diameter”
Exemple. 1f a camera lens has a focal length of 6 inches and if the largest effective stop opening

_® =48 and the lens speed is said to be f/48.
1.2

Hence, lens speed is definitely related to lens diameter which controls the amount of
light available for sensitizing the photographic material. A small f/ number indicates a

§/ number

is 114 inches, then f/no.=

<t
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large diameter and a fast lens. The use of a large-diameter lens as related to the focal
length is often associated with troublesome lens aberrations. A speed of {/6.3 is common
for an aerial camera lens. Slower speeds are scarcely usable because of high aircraft speeds
and the necessarily short exposure time.

Angular coverage affects the cost of ground control as the cost is nearly proportional
to the number of photographs. Also, because map requirements and physical limitations
fix the flight altitude, the only remaining device for reducing the number of photographs
is to increase the angular coverage of each photograph by increasing the angular coverage ot
the camera lens. Many amateur cameras have a total angular coverage of 50°. The aeral
camera lens of about the vear 1935 had a coverage of about 70°. The present wide-angle
lens has an angular coverage of about 90°. Experimental work is now in progress to
produce a lens of 120°,

An aerial camera lens is designed to function well under a certain specific condition—
at an infinitely great ohject distance. Tt would probably perform very poorly under any
other condition. Similarly, lenses are designed for other specific uses and operating condi-
tions, such as for a ratio printer. Varving emphasis is placed on the different lens char-
acteristics, with speed and angular field usuallv being less important for stationary cameras
than for aerial cameras.

The National Bureau of Standards is prepared to test any lens to determine its optical
characteristics under specific laboratory conditions. A report is made of the findings as to
resolving power, angular field, distortion, focal length, and back foczl length (the distance
from the rear lens surface to the image plane).

32. THE VERTICAL AERIAL PHOTOGRAPH

A vertical aerial photograph is a photograph taken from an aircraft with the lens axis
of the camera in vertical alignment or as nearly vertical as practicable. This section con-
siders photographs in which there is no deviation of the lens axis from the vertical—
photographs that are not tilted at all.

321. ComparisoN oF A PHoTtocRAPH WiTH A MaP

A photograph is a perspective projection. Consider any array of points. If a line
passes through each point and also through a single common point, then the group of lines
is a perspective group of lines and the common point is called a perspective center. If a
plane intersects the group of lines, a distinct point is determined in the plane where each
of the lines intersects it. This second group of points is related perspectively to the first
group of points through the perspective center. The second group is called a plane per-
spective projection of the first group, or simply a perspective projection. Ohviously, an
aerial photograph fits this description of a perspective (see 312 and 313). Ground objects
correspond to the first group of points; the pinhole, or the image nodal! point of the lens,
corresponds to the perspective center; and the photographic images cofrespond to the
second group of points. A photograph is a record of the perspective bundle of light rays
on an intersecting plane and hence is called a perspective projection, in contrast to an
orthogonal projection.

A few well-established mathematical principles of projectivities are particularly note-
worthy in their applications to all photogtaphs, vertical and oblique:

(a) Only one image exists on a photograph for each object point.

(5) Any straight line in the object appears as a straight line on any photograph. A road is con-
sidered a straight object line if no curves are in it and if it is of constant slope. If a line is drawn
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on one photograph connecting two images of equal elevation, and if a line is drawn connecting the corre-
sponding two images on any other photograph, then each of the two lines also passes through all the
same intermediate corresponding images whose objects are of that same elevation.

(¢) If a series of at least four images lie on a line in one photograph, and if the corresponding
images lie on a line in any other photograph, then there exists a very definite harmonic relation between
the two svstems of line segments. The development of this 1dea is beyond the scope of this writing.

(d) A photograph that has been properly copied, recopied, ratio printed, and/or properly rectified
is still theoretically a simple perspective projection. The same arrangement of images might be obtained
on an original photograph taken from the same perspective center with a proper focal length camera
and with a proper camera inclination.

A large-scale map can be regarded as an orthogonal projection. A small area of the
earth's surface (such as usually appears on a vertical aerial photograph) can be consider.d
as having an imaginary flat datum plane or reference plane, earth curvature heing regarded
as negligible. A pomt on the datum plane verticaily beneath an elevated object is said
to be the orthegonal projection of the object, the word orthogonal implying that the line of
projection is orthogonal (perpendicular) to the plane of reference. [i all prominent objects
in an area are thus projected onto their datum plane, and then this plane is shrunk or
reduced uniformly undl it is a desired size or scale, the result 1s called a map.

It is the function of the photogrammetrist to construct orthogonal views from per-
spective views or, more specifically, to make maps from photographs.

The vertical aerial photograph is preferred for map making because it resembles a
map more closely than does a photograph taken with anv other inclination of the camera
axis, and because the theory and practice of map making from vertical photographs is
comparativelv simple.

The comparison of a photograph with a map reveals that many photographic images
are not in their correct relative positions, whence the images are said to be displaced. The
displacement may be attributed to several component factors, some of which result directly
from the fact that a photograph is a perspective. The component displacements are due to:

(a) Flying height (scale).

(b) Elevations of the objects.

(c) Tilt of the aerial camera.

(d) Uneven film and paper shrinkage. .

(e) Lens distortion.

Conversely, a photograph and the map would be identical if :

(a) The photograph were exposed from exactly the correct flying height.

(b) All objects were of equal elevation.

(¢) The plane of the film were exactly parallel to the datum plane.

(d) The photographic materials were dimensionally stable, such as glass plates for the camera and
metal-mounted prints.

(e) The lenses of the camera and the printer were both free from optical distortion,
If the photogrammetrist understands how these factors operate, he should be able to apply
more intelligently the various techniques used in making accurate maps from photographs.
The last two items are discussed in 4213 and 318, respectively.

322. Scark, Focar LeneTtH, anp FLYing HElGHT

3221. The Scale of a Map

The scale of a map is a numerical fraction that indicates the relation of dimensions
shown on the map to the corresponding actual dimensions of the part of the ea:th’s surface
depicted. The same principle is employed in stating the scale of a patent model, a work of



TOPOGRAPHIC MANUAL-—PART II 109

sculpture, or a mechanical drawing, For example, a patent model may be one-fourth scale
which means that the model is one-fourth the actual size of the machine or that the actual
machine is four times the size of the model. Furthermore, each and every item on the
actual machine is four times as large as the corresponding item of the model. Similarly, if
the scale of a map is 1/40,000 it implies that the map is one forty-thousandth the size of
the ground it represents and that the ground is 40,000 times the size of the map. The
fraction is called the representative fraction (R.F.) and is also written 1:40,000, to be read
as “‘one to fortv-thousand.” Tt is obviously implied that each and every feature, such as a
factory building, is 40,000 times as large as it appears on the map (except where the map
feature is so small that it is represented by a standard svmbol), The expression is often

N
T \’,l' L,
- - s
AN !(‘4,{“‘ oy
A [P A
W a7 Negative
\‘\'— “l 4
b A t /
» |,’ ’
N I3
v
N A g
1 i" ’
14
f A

Ground

Ficure 3.3.—The perspective relation of the various forms of a photograph,
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shortened in conversation to “40,000 scale” or “40,000-scale map” to mean a map having
the scale of 1:40,000.
The scale of a map can be expressed algebraically as

_ab
—AB
where the scale § is usually (but not necessarily) in the form of a representative fraction
having the numerator one, 4B is the distance hetween the two objects .4 and B on the
earth’s surface (see fig. 3.3) and ab is the distance on the map between the two corre-
sponding points ¢ and b. It is important that the values of 4B and ab be expressed in
the same units of measurement. To ensure that § has the numerator ong, the expression
can be rearranged to the form

) (3221.4)

] AR
‘ 3 . ”13/‘)
5_—‘———43 orl: 2 (32218,
ab

which is frequently a more useful expression.

Example. What is the scale of a map if the distance between two points is 3 inches on thie map and
it is known that the two points are 1 mile apart on the ground?
Solution: Express the ground distance in inches:

1 mile == 5280 feet
=63,360 inches
S=1:(63,360 = 3)

=1:21,1200r m

Because a photograph is usually not a map, it does not have a scale, strictly speaking,
but rather it has many different scales. Due to the resemblance of a photograph to a map,
however, it is customary to express the average or apparent photograph scale in the same
manner as for a map.

The scale of a map is said to be large or small with regard to the relative value of the
scale fraction. For example, the scale 1:20,000 is larger than the scale 1: 30,000 because
i’ they are changed to decimal form, 1: 20,000 = 0.000050 and 1: 30,000 = 0.000033. The
decimal form is used occasionally in certain computations.

3222. Scale Relations of a Phatograph

Equations 3174 and 3178 are recalled and written in the combined form:

!

’
m=2 = (32224)
¥ 1
The derivation was based on optics, similar triangles, and the implications that the object
and image dimensions y and 3’ were parallel lines and also that they lay in planes perpen-
dicular to the lens axis (see fig. 3.2).

Figure 3.3 illustrates the relationship of a vertical aerial photograph to the ground
where the perspective center is at O and the camera has a focal length of f. The camera
unit and the negative are shown from O upward. Inasmuch as the contact print is used so
universally, it is represented at a distance f below O, in its correct theoretical position.
(A print that is identical to a contict print can se produced with a ratio printer at a ratio
or magnification of m =1.) The line Opp’P is the lens avris and it is truly vertical. The

i
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point p is the principal point of the contact print and the point is usually iocated at the
geometric center of the photograph. The ground plane ABC is truly horizontal, and also
the plane abe of the centact print is horizontal. Tt is not necessary to consider further the
part of the figure above O and hence it will not he shown on subsequent diagrams.

It is apparent in figure 3.3 that al corresponds to v in equation 32224 ; also AB corre-
sponds to v, f corresponds to ', H to #, and S to m, or

_a 1 29990

S_H—B—_ﬁ-. (32228
The same relation can be obtained independentlv from equation 32224 by observing
that the triangles Oab and O4B are similar, that their altitudes are f and H, respectively,
and that equation 32224 applies.

In equation 32227, H is used to designate the distance from the reference plane to the
perspective center. In practice, A always designates the flving height of the aircraft ahove
sea level, which is identical to assuming that the reference plane is always the sea level datum
plane. As many objects occur at elevations other than sea level, it is convenient to use /i
as the elevation of the reference plane 4BC above sea level. Then the object distance OP
is the difference H — h and equation 32228 is re-written in the form

_ab _ f

S—~2§—-H——_—7l (3222C0)
This dual equation can be used in many ways. Wherever § is involved, all other terms
must be expressed in the same units of measurement.

The first part of equation 3222C is identical to equation 3227.4 and can be used in the
same way as illustrated in the example in 3221. Where the object points 4 and 5 have
different elevations, the equations do not apply exactly but, nevertheless, thev are frequently
used for determining an approximate scale value by letting % be the average elevation of
two objects. Where the best value of the approximate scale of a photograph is desired,
it is preferable to use the average scale obtained by measuring two relatively long lines
that intersect near their midpoints (see fig. 3.4) at about right angles near the principal point.

l

Fiurx 3.4.~—Acceptable arrangement of points for determining the approximate scale of a photograph.
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ab =04132m, cd =0.3397 m.
AB ==28.263 X 0.30480 = 8614.6 m,
CD =23,580 X 0.30480 == 7187.2 m.

AB
Scale of ab—1 :_a?): 1:(8614.6 <+ 0.4132) == 1:20,743.

Scale of cd =1 CTBD—: 1:(7187.2 = 0.3597) = 1:19,981.
The scale of the photograph is the average of the two scale numbers, or I:20,364.

Lxample 2. The distance between two points on a photograph is 3.11 inches, The distance between
the corresponding two points is 2.83 inches on a map whose scale is 1:40.000. What is the scale of
the photograph?

Solution: Inasmuch as distances between corresponding points on maps: of different scales are pro-
portional to the values of the representative scale fractions of the maps,

S 5sn
1 7285
40,000
S=_L _ S 1
40,000 2.857 40,000 X 285
5.11
= 1 or 1:22309

22,309

A nomograph (see fig. 3.5) can be used if problems similar to example 2 are to be solved repeatedly.
The nomograph is available in the Washington Office.

Example 3. The focal length of a photograph is 210 mm., the distance between two images is 322.7
mm.. and the flving height is 14,000 feet above sea level. If the two objects were at ali elevation of
1000 feet, what is the ground distance between them in feet?

Solution: From the second part of equation 3222C,

H_.
AB=ab —Th: 3227 (14,000 — 1,000y < 210 == 19,977 feet.

The unit of measurement of 4B is the same as that of (H—h) if the unit of ab is that of f. The two
sets of units need not be the same in the type of problem that utilizes only the last two parts of equa-
tion 3222C. : .

3223. Ratio Print, Definition

Tigure 3.3 illustrates the fundamentally correct relation between a ratio print and the
contact print. A ratio print is an enlarged or reduced copy of the magnification ratio m
produced by optical-photographic methods from a negative of focal length §, the print being
exactly equivalent to that which could have been made originally from the same perspective
center with a camera of focal length mf. It might be argued that the ratio print could have
heen obtained equally well with the same camera but from a different perspective center of
elevation H + m. This is true only if all the objects are of equal elevation, The principle
is discussed more fully in 3232 and 3241.

The scale of a ratio print of an aerial photograph therefore depends on only the flving
height of the aerial camera and the subsequent ratio of enlargement, and is independent
from the focal length of the aerial camera. Various practical limitations affect the freedom
of choice of flving height, focal length, and ratio of enlargement. These topics are dis-
cussed more fully in 324.

3224. Displacement of I'mages Due to Scale

Images are displaced due to a scale difference along lines that pass through the prin-
cipal point of a truly vertical photograph. In other words, the angular arrangement of the
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images relative to the photograph center is not disturbed in any manner by ratio printing
or by an error in flving height. The principle is obvious and no proof is cited,
The amount of displacement d. due to a difference in scale alone i3 defined as (see
fig. 3.3
dy=r —r (3224.43
and can he expressed as

dy=rim—1)=ri1— —Hl‘-) (3224B)
where 7 is the distance from the principal point to the image on a given photograph, v’ is
the corresponding distance on a ratio print (or ona map if there is no relief), and m is the
scale 57 of the ratio print or map divided by the scale § of the given print, m = §" = §,
Equation 32244 can be derived from figure 3.3, Although the planes of the contact
print and the ratio print are used, the procedure is identical for any other two planes.
Consider the points 0 and ', Triangles Oph and Op'd’ are similar because their sides are
respectively parallel. Then the corresponding sides are proportional. Specifically,

b Op

Py o
Bui pb=r, p0' =7+, Op =f, Op' = mf. Then

=]~

r== rm
Substituting mr for »" in equation 3224,
dy=mr—r=r(m-—1)
The second part of equation 3224B is obtained by substituting (7’ -~ m) for 7.

Example. The scale of a photograph is 1:19,730. What is the displacement due to the scale alone
of an image 250 mm. from the center relative to a 1:20,000-scale map?

Solution : m=S5 -+ = (1/19730) = (1/20000) = 1.0127
da=r(m—1)=250(1.0127 — 1) = 318 mm.

323. RELIEF DISPLACEMENT

The discussion of relief displacement considers the effect that the varying elevation
of the terrain has on the relative positions of images on a photograph. The effect is due
entirely to the fact that a photograph is a perspective projection. The corresponding
orthogonal or map position for an image is cited for comparison. Relief displacement is
evident on photographs in the form of a “lean” or “overhang” of tall objects, such as
buildings, tall stacks, and mountains.

3231. Direction of Relief Displacement

An image is displaced due to tle elevation of the object along a line that passes through
the principal point, if the photograph is not tilted. The angular arrangement of images
relative to the center of the photograph is not disturbed in any manner by the elevations of
the objects if there is no tilt, <
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Ficrre 3.6.-~The magnitude and direction nf relief displacement.

In tigure 3.6 is shown a vertical object 4.4’ whose top has an elevation !, and the image
aa’ on a photograph of focal length f taken from the perspective center O at a flying height
H above the datum plane. The base A’ of the elevated object lies in the datum plane, p
is the principal point and OpPP’ is the vertical lens axis. The point a’ is the image of the
base of the object, and a is the displaced image of the top of the object. It is to be shown
that the displaced image @ lies on the radial line pa’ that passes through the principal point
and the image of the base.

The plane OP'A’4 is a vertical plane because it contains at least the one vertical
line OP'. It also contains the object line .44’. The points g, @', and p each lie in the
vertical plane because thev lie on the straight-line image ravs 04, 0A’, OF, respectively.
The points ¢, o/, and p also lie in the plane of the photograph by definition. Hence, the
line aa’p must be a straight line because it is the line of intersection of two planes. There-
fore, a lies on the line pa’ and a 1s said to be displaced radially from p and o' due to the
elevation & of the object. It can be considered that ¢’ is the proper map position for the
feature. In practice the elevated object might be a hilltop whose base position is not
indicated but is obtained by the radia! line method (see 325).

3232, dmount of Relicf Displacenent

The amount of displacement d, of an image due to the elevation of the object is
defined as (see fig. 3.6)

de=r—7¢

which can also be expressed algebraically as

=", (3232.4).
‘T H
Ih N
d,= I;_h. (3232B)
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From the similar triangles Opa and OP,

ap _ AP

Cp —OP

r R

or jf-"—H_—_;z
r{(H — h) =Rf.

where 7, f, R, and H are as denoted in the figure. Similarly, {rom the similar triangles
Opa’ and OP' A4,

r/

r_k
FoH
7H = Rj.
Equating the two equal expressions,
r(H—h)=7rH

_ . rH
"TSHTh

L r(H=h)
TETTH

Substituting for " in the definition,

H—h H—nhn
de_.r—r[:——ﬁ—:lm_r[l H ]

de:r[————-———«H“(H"h)] T, (32324)

H = H

Similarly, equation 3232B is obtained by substituting for 7 in the definition.
Equation 32324 is sometimes solved for % to give an equation for the determination

of elevations:

p— GeH (3232C)

Equation 32324 is used in planning photogrammetric mapping to determine the
amount of displacement to be expected with regard to its effect upon map compilation.
Equation 3232B is used in the rectification of photographs for displacing a map position
of a feature so that the displaced position is the correct location of the image of the elevated
object on a phatograph of specified flying height and of zero tilt.

Equation 32328 is also used in flight planning to determine the percentage of overlap
needed in photographs over rugged terrain. Lquation 32324 is often used as an approxi-
mation for the latter application because it is easier to compute. Extensive graphs have
been compiled for use in repeated solutions of equation 3232B (fig. 3.50). Equation
3232C is used for rough determinations of elevations where a map, such as a radial plot,
is available from which to determine the element 7, from which d, may be found by applying
the definition.
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Exvample 1. How much will an 800-foot hilltop be displaced if it appears 5 inches from the prin-
cipal point and the flying height is 14,000 feet?
Solution:

de== —Zf—:: 3 X 800 = 14,000 =10.286 inches.
1f I is in the same unit as H, the unit of d, will be the same as that of r, but the two sets of units
need not be the same.
Example 2. In a radial plot a feature is 360 mm. from the principal point. The elevation of the
object is 270 feet. How much and in what direction should the position of the feature be moved on a
rectification templet if the flving heigit s 12,000 feet?

Solution:
do= "1 —360 X 270 = (12,000 — 270)
H—"h
d,==829 mm.

The position of the feature should be moved 8.29 mm. outward along the line that passes through the
feature and the principal point.

324. THE THEORY OoF FLIGHT PLANNING

The planning and execution of aerial photography are discussed in chapter 2; whereas
some of the mathematical or theoretical problems underlying the practice—particularly
those problems that are readily explained by the foregoing principles of the vertical photo-
graph—are included under this subject. This subject discusses the choice of cameras, as
regards angular coverage and focal length, the selection of flight heights, and the deter-
mination of such items as the overlap of photographs, the time interval between exposures,
and the distance between flight strips. :

3241. Some Factors Affecting the Selection of Flying Height

The cost of photogrammetric mapping is roughly proportional to the number of photo-
graphs used and increases as the number of photographs required to cover an area increases.
Consequently, aerial photographs are usually taken at as high an altitude as practicable
and consistent with the particular map specifications.

A number of different cameras of different focal lengths and angular fields have been
developed to meet specific mapping requirements (see chapter 2). Nevertheless, the selec-
tion of a value for the flying height is always a compromise of a large number of factors.
Some of these factors are of a theoretical nature and are discussed here, namely, (@) the
scale of the photograph with reference to the accuracy requirements of the map, (b) the
limit of enlargement with regard to image definition, and (¢) the effect of the angular field
of view of the lens and camera unit.

The relation of scale, focal length, and flying height was shown in 3222 to be

__f
S= T (3222C)
where S is the value of the scaie of a photograph usually expressed as a representative
fraction having onme for its numerator, H is the flying height above sea level, f is the focal
length of the aerial camera, and A is the average elevation of the terrain above sea level.
It is evident from the equation that a larger scale of aerial photography can be obtained by
(a) selecting a camera of a long focal length, (b) selecting a low flying height, (¢) enlarging
the photographs in the laboratory, which is theoretically equivalent to selecting a camera
of longer focal length (see 3223), or (d) using a combination of some, or all, of the three
possibilities.
837982°—50—9
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Although high altitude photographs are desirable for economy, the maximum flyving
height is limited by several factors; an important one of these is the quality of image
definition required on the photographs. Mapping standards, mncluding accuracy speciica-
tions (see 12), specify the contents or the details to be shown on a map at a given scale
and the accuracy with which those details must be located.  The images of ground details
to be mapped must be clearly visible on the photographs and at the same time the photo-
graphs must possess such constant geometric properties thar the positions of the featnres
can be located with the required accuracy.

The clarity of images of features on aerial photographs is largeiv a tfunction of the
scale of the photographs. With a camera of a given focal length, there is a maximum
flving height bevond which the images of map features are no longer clearly visible to the
vnaidert eve. The maximum practical flving height is obvicusly different for mans of
diferent scales because the choice of the types of map features to be shown is governed to
a large degree by the scale of the final map. A photographic negative and the contact print
are usually of such quality that small imdges are present that cannot be seen with the
unaided eye, but which are visible on a photographic enlargement. Thus it is sometimes
permissible to choose a comparatively grear flving height and use ratio prints (enlargements)
instead of contact prints in the map compilation. The accepted limit of enlargement for
single-lens photographs of the Coast and Geodetic Survey is about 3 diameters; but the
enlargement is often limited to 2 diameters and is rarely as great as 4 diameters. At about
3 diameters enlargement, the loss in the sharpness of images due to the graininess of the
emulsion and various other reasons is noticeable to the unaided eye, and greater enlargement
15 of little or no benefit in graphic compilation. ,

In some instances a mapping project is photographed twice—once at a low altitude for
the compilation of details and again at a high altitude for the purpose of establishing photo-
grammetric control points between widely spaced ground control stations to be used as
control for the lower altitude photographs. A sufficient number of clear images can gen-
erally be identified on the high altitude, small-scale photographs to provide pass points for
the control breakdown by means of a radial plot or stereoscopic plotting instrument ; points
located by the small-scale photographs are used for a further control breakdown and for
the compilation of detail. By this solution it is sometimes possible to compile a map with a
smaller number of ground control stations without sacrificing image definition, but the
solution is rather limited in its practicable application.

The angular field of view of an aerial camera is another variable that should be con-
sidered in planning aerial photography. Inasmuch as flying height and focal length are
quite rigidly fixed by the specifications of the scale of photography, the angular field of
view is yet another means by which it is possible to reduce the number of photographs.
An increase in the angular field of view in the design of an aerial camera causes a corre-
sponding increase in the area of terrain shown in each photograph, and thus decreases
correspondingly the number of photographs required to cover a given area.

At the present time, lenses for aerial photography for accurate mapping are limited
to an angular field of view of slightly more than 90 degrees. 1In the use of the 6-inch
wide-angle lens with a 9- by 9-inch negative, the total area covered is somewhat reduced
hecause the entire circular field is not included on the negative, but the effective area, so
far as the number of required photographs is concerned, is not reduced because the effective
shape of the photograph must be considered as rectangular (a square is the largest
rectangle that can be inscribed in a circle) and the corners of the 9- by 9-inch mask
include the outer rim of the possible circular photograph. Wide-angle lenses having an
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angular field of 90 degrees are alse made in focal lengths of 5.2 and 4 inches, Where these
shorter focal length lenses are used with standard 9-inch film, most or all of the field of
view of the lens is included on the film. This fact is sometimes considered as an advantage
for stereoscopic contouring because the flight lines can be planned so as to give a slightly
longer base length by considering the area as rectangular with the longer dimension in the
direction of flight which, of course, slightly increases the required number of photographs.
However, for many purposes, the 6-inch focal length is preferred and it is generally believed
that only a small amount of the useful field of view is lost due to the 9-inch film size becanse
image definition on photographs taken with wide-angle lenses is usually quite poor near
the outer edges of the field.

Research is constantly endeavoring to increase the angular coverage of lenses for aerial
photography. One improvement, which shows promise of completion, is the development
of a wider-angle lens (about 120°) that compresses the image area by optical distortion onto
the standard 9-inch film. The photograph will then be restored to an undistorted condi-
tion by laboratory projection through a special lens of oppesite distortion characteristics.

The Coast and Geodetic Survey has developed the nine-lens camera (see chapter 2)
to solve the problem of obtaining a large angular field of view. The resulting composite
photograph is a 35.4-inch square, and its dimensions are nearly four times as large as a 9-
by 9-inch photograph; thus each nine-lens photograph covers about the same area as 16
single-lens photographs without overlap at the same scale. The field of view subtended by
opposite corners of the photograph is more than 140 degrees. The nine-lens camera was
designed for relatively large-scale mapping—that is, 1: 10,000 to 1:30,000. Consequently,
the focal length is approximately 874 inches and the film is 23 by 23 inches. If the same
area were to be covered with a 6-inch camera using 9- by 9-inch film, it would be necessary
to fly very much higher and a smaller scale would be obtained. For example, if the nine-
lens camera is flown at 14,000 feet, an area about 11 miles square can be photographed at
1:20,000 scale. To cover the same area the 6-inch camera would have to be flown at an
altitude of 40,000 feet (which is impractical for domestic mapping at the present time)
and a scale of 1:80,000 would be obtained which theoretically might be enlarged 4 diameters
to be equal to the scale of the corresponding nine-lens photograph, but these conditions of
flying height and enlargement are generally not satisfactory for large-scale mapping.

Two other facts about wide-angle photography are: (a) it is possible to encounter
large ground radial distances, such as R in 3232, and (&) photographs can be taken at
greater ground intervals, such as base length B in 3261 for each pair of photographs. These
two features are discussed next.

Considerable difhculty is encountered in the graphic compilation of planimetric maps
where there are large relief displacements. Consequently, aerial photography for use in
planimetric mapping is often planned so that the relief displacements will be as small as
practicable. If control is not a major consideration, relief displacement can be reduced by
using a camera with a comparatively narrow angular field and by selecting a comparatively
long focal length, thus reducing the area covered by each photograph at a given flight
altitude. Furthermore, once the angular coverage and focal length are determined, relief
displacements can be further decreased by increasing the flight altitude so far as this is
consistent with the map to be compiled. Actually, the decision is usually a compromise of
factors considered in the following paragraphs.

It was shown in 3232 that

rh
dy = I N (32324)
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where d. is relief displacement, r is the radial distance from the center of the photograph
to the image of the top of an object, and H is the flying height of the aircraft. It was also
pointed out in the derivation that

r f Rf

= T QI ¥ =

R H—-1r H—h
where R is the horizontal ground distance from the point vertically beneath the camera to
the object, and f 1s the focal length of the aerial camera. It was shown in 3223 that a
ratio print of magnification  and focal length f is exactly equivalent to a contact print
made with a camera of focal length mf from the same point in space. The following rela-
tion is obtained by substituting these quantities in equation 3232.4:

Rmfh

H(H~— 1y’
Inasmuch as & is usually very small relative to H, & can be neglected in the denominator

without materially affecting the value of d,, and a more simplified expression is obtained
for this analvsis:

7 P—

Rmfh
de = —=—. 32414
= (3241:0)
In view of the fact that the product #:f is the equivalent focal length of a ratio print, then
7%]: is the scale S of the ratio print and
RhS
= =2 2
do= =52 (3241B)

A study of equations 32414 and 3241B indicates that the amount of image displacement
d, on any photograph (m = 1 for a contact print), is increased if R, 1, f, k, or § is increased,
and that the displacement is decreased if H is increased. Thus the flight planner can alter
the values of any of these terms except /i within certain practical limits to satisfy best a
particular mapping program. Obviously, the most effective means for reducing relief dis-
placement is to increase the value of /7 because that term is squared. The maximum
possible value of R is not only affected by f and H, but also by the angular coverage of the
camera. Values of m, f, and H are chosen so as to yield the desired scale of the planimetric
map for graphic compilation. Inasmuch as m is a constant factor limited in practice to
about three, then only f and H can be changed, but they must be changed in the same ratio
to maintain a given value of S. For example, if it is decided to double a given flying
height, then the product of magnification and focal length (mf) must also be doubled to
obtain the scale value. The present values of s and f are, of course, limited to the focal
lengths of the available aerial cameras and the acceptable ratios of enlargement.

Large relief displacements are necessary for compiling topographic maps from aerial
photographs, in contrast to planimetric maps where small displacements are preferred. A
study of equation 32414 indicates that the most effective method for increasing the dis-
placement is to decrease the flying height. Consequently the prescribed flving height for
topographic mapping is usually stated as a numerical factor times the required contour
interval. The factor varies from 200, where comparatively crude methods are to be used,
to 2,000, where the most precise stereoscopic plotting instruments are to be used. How-
ever, decreasing flying height increases the number of photographs, a fact which is doubly
important economically in topographic mapping because an object of known elevation is
required in each of the four corners of each overlap area.
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A difference in elevation, such as Z0 feet, corresponds to a very small difference
(parallax) in the relative positions of pairs of corresponding images on two overlapping
photographs. Consequently, any effort that results in a greater parallax difference also
improves the accuracy in drawing contour lines stereoscopically. [t already has been pointed
out that radial distances and hase lengths are effectively increascd by wide-angle cameras,
and it is shown in 3264 that parallax difference is directls related to relief displacement.
Thus, parallax differences are increased as the angular coverage of the camera is increased
and as the flying height is decreased. Thus, for stereoscopic contouring, an increase in
angular coverage permits an increase in the flying height with a consequent decrease in the
number of photographs and a decrease in the cost of mapping—provided image definition
is maintained,

3242. Photograph Spacing and Related Topics

It is presumed that the three elements—flving height, focal length, and scale—have all
been determined and the formulas derived herein are based on the known value of the
scale of the aerial negative. Obviously, the values selected for any two of the elements fix the

f

value of the third element by virtue of equation 3222C, S = T

The length # and the width w (see fig. 3.7) of the negative of the aerial camera must
be known for the study, where u is considered as the dimension of the photograph measured
parallel to the direction of flight. (The word format has been frequently used to mean
the shape and size of the negative of a particular photogrammetric camera.) Most of the
newer aerial cameras produce square photographs, whence # and w are equal, and perhaps
the two terms could be represented by a single letter. However, there are exceptions, and
here the two terms are considered as being different so as to derive expressions that are
applicable to all types of cameras. Also, the value of u is not necessarily larger than that
of w. For example, the 7-inch dimension of the former 7- by 9-inch photograph was cus-
tomarily oriented parallel to the line of flight for planimetric mapping, but the 9-inch
dimension was kept parallel to the flight line for topographic mapping because greater
parallax differences were thus created which increased the accuracy with which heights
could be determined. The symbols U and W are used here to represent the ground dis-
tances that correspond to v and w, respectively. '

Aerial photographs for mapping purposes are taken so that there is ample overlap
in both directions. The overlap is required to afford stereoscopic vision and to furnish
common images which are used to “tie” the photographs together to form a continuous
accurate map. The overlap in the direction of flight is called forward lap and that per-
pendicular to the line of flight is called side lap. The overlap in both directions is usually
stated in terms of percentage. Thus, a forward lap of 60 percent indicates that each photo-
graph overlaps the next one in the same flight line a linear amount equal to 60 percent of its
i dimension. The letter ¢ (for end) is used here to designate the percentage or fraction
of forward lap, and s is used for the side lap. Thus, if the side lap is 20 percent, then
s=20% =02

A forward lap of 60 percent is almost always used. There are a few exceptions,
especially in the use of the nine-lens camera in extremely rugged terrain where a value of
80 percent or greater is sometimes selected to minimize relief displacements and hidden
dreas. Tt is quite important that the forward lap for topographic mapping with single-lens
photographs he maintained within 55 to 65 percent because as long a base length as prac-
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FiGure 3.7.—The usual overlapping arrangement of aerial photographs.

ticable is required, and a still lesser forward lap (51 to 54 percent) necessitates the use of
the edge of the photograph where the definition is not so good. The values for the side
lap vary greatly due to special considerations, but the Coast and Geodetic Survey ordinarily
uses 30 per cent for single-lens photographs and 60 percent for nine-lens photographs.
Base length is the distance between the centers of two photographs in line of flight.
The symbol B is used to represent the ground dimension, and & to represent the corre-
sponding distance on the photographs. The distance b is also approximately equal to the
distance between the principal point of a photograph and one of the conjugate principal
points in line of flight, where the latter point is the apparent position on a given photograph
of the image of the principal point of an overlapping photograph. Base width is the
perpendicular distance between two lines of flight, and the letters A4 and a are used here w0
represent the distances on the ground and on the photograph, respectively. It is quite obvious

from figure 3.7 that

b=u(l —e) (3242.4)
a=w(l—ys). (3242B)
Then from equation 32214,
B=u(l—o) (3242C)
A=w(l ——s)—if (3242D)
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where B the denominator of the known representative scale fraction for the aeral

. . . . 1.
negative and contact print. For example, if the scale S is 1:20,000, then T s the whole

number 20,000. It is desirable to express B and .4 in units of statute miles, whereas it is
convenient to measure u and w either in inches or millimeters. Thus, equations 3242C and
242D are rewritten so as to incorporate the change in units of measurement :

(1ininches) (1 — ¢} —1—
B (inmilesi = - S (3242E)
. o 1
(zvininches) (1 — §) —
A4 (inmiles) = T S5 (3242F)

; . 1

(einmm.) (1l —e) —=
B (in miles) — S .
{in miles) 1509350 (32424

. . 1
(winmm) (1l —s) —
A (in miles) = S (3242H)
’ 1,609,350

Example 1. Determine the ground distances between exposures and between flight strips for 9- by
9-inch photographs at a scale of 1:24,000 where the forward lup is 60 percent and the side lap is 30
percent.

Solution:; Applying equations 3242E and 3242F,

59X (1= 06) X 24000
63,360

429X (1= 0.3) X 24000
63,360

—1.36 miles between exposures

—2.39 miles hetween strips

The values for U, II’, B, and A are used in planning flights for aerial photography
and for laying out the flight lines on the best map available for the informaticn of the aerial
navigator and photographer. These dimensions are frequently used for making a small
paper or celluloid templet corresponding to the size and shape of the photograph at the
scale of the flight map. The dimensions #m, Wm, bm, and a.. at the scale of the flight map
can be determined in either of two ways: (&) If there is a graphic scale on the margin of
the flight map, the map dimensions of the templet can be scaled from the graphic scale
with a pair of dividers from the known values of U, W, B, and 4 in miles; or (&) The
following equation can be used for computing the flight map dimensions of the templet
from the known values #, w, b, and a:

Wy = o (32427

in which 5, is the scale of the aerial negative and S5, is the scale of the flight map. The
other dimensions zre obtained by substituting the corresponding values in place of w in the
same equation. The equation is the inverse of that used in evample 2 in 3222,
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Example 2. Determine the distances between exposures and between flight strips and the dimen-
sions of the area covered by a single photograph for a flight map of 1:40,000 scale for the conditions
of example 1.

Solution: By equations 32421 and 32128,

b=9X (1 —0.6) ==3.6 inches
a=9 X (1 —03) =63 inches

Then applying equation 32421,
36X 24000

b,, =2.16inches
40,000

0, = 6.3 X 24000 _. 3 78 inches
440,000

Inasmuch as » and <« are each 9 inches,
9 X 24,000
U, —Wm T —— . T4
m 30,000 == 3.4 inches

The theoretical number N of photographs required to cover a given project area 13
given by the expression :

Area of project
4B

The expression is of analytical importance although it may be of little practical value.
Consider the area cdef in figure 3.7 where the line de is halfway between the photograph
centers ¢ and 7, and the line cd is halfway between the centers g and ¢, etc. This area
can be considered as the net area of the one photograph, inasmuch as the sum of the net
areas of all the photographs would be equal to the total area, disregarding the irregularities
at the edges of the area, It can be shown that cd is equal to & and de is equal to a. Thence,
AB is the net ground area shown by a single photograph, which is related to the values
u, w, ¢, s, S, g and b in accordance with equations 32424, B, C, and D.

It is to be noted in equation 3242/ that the number of photographs can be reduced
by an increase in the value of 4B, which, in turn, can be increased either by increasing u
and w or by decreasing S (equations 3242C, 3242D, and 3222B). The values of » and w
- can be increased with the use of a wide-angle lens where the focal length remains fixed.

N= (32427

The value of S can be decreased by decreasing the value of fin S :—fﬁ, or by increasing the
value of H. In practice, a combination of both methods is used: A wide-angle lens is
used along with a shorter focal length so that the photograph is of the same dimensions as
before to enable the use of a standard film width, but the photograph is of smaller scale to
include greater ground area.

The time interval between exposures is obviously related to the ground base length B
and the velocity V' of the aircraft. This interval is required to determine whether or not
enough time elapses between exposures for the camera to rewind and be ready for the next
exposure. The working value of the interval is affected greatly by winds and is determined
by the photographer during flight for each strip by using the viewfinder and a stop watch.
A practical minimum interval is about 20 seconds, and a good working minimum is 30
seconds, The theoretical interval 7 can be computed for planning purposes from :

B {in miles) X 3600
V" {in statute miles per hour)

i (in seconds) =

(3242K)

Alreraft velocities are usually stated in miles per hour, but occasionally they are given in
knots, for which the constant 3126, instead of 3600, must be used in equation 3242K.
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Example 3. Determine the interval for example 1 if the aircraft speed is 120 miles per hour.
Solution: Applying equation 32#2K,
;— 136 X 3600
120

The distance through which an image point moves while the shutter of the aerial
camera is open for exposure is sometimes required for flight planning in order to determine
whether or not the movement is sufficiently great to damage image definition. Thus, it
might be found necessary to specify a maximum exposure that should not be exceeded in
taking the photographs. From the facts that the resolution of the film and lens is probably
no greater than 30 lines per millimeter, and that the value is usually Z0 to 25 lines per
millimeter in practice, it is reasonable that a movement of 0.02 mm. has little or no effect
on image definition, and that twice as much, or 0.04 mm., might be somewhat objectionable
for photographs that are to e enlarged.

Image definition is generally satisfactory if it is at least 5 lines per millimeter for the
scale at which the photograph is to be viewed during the map compilation procedure. Thus,
if a photograph is to be used only as a contact print without optical magnification, then the
minimum resolution should be 5 lines per millimeter; if the photograph is to be enlarged
3 diameters for use in radial plotting, the resolution on the negative should be 15 lines per
millimeter ; and if the photograph is to be viewed with the stereoplanigraph at a magnifica-
tion of 5 diameters, then the resolution on the negative should be 25 lines per millimeter.
This analysis is not affected by the use of a magnifier for identification of control and pass
points in the preparation of photographs for radial plotting because the final plotting accu-
racy is no greater than the graphic construction of the radial lines, which is done with the
nakcd eve, and which is subject to an error of at least 0.1 mm.

Consequently, the movement of the image during exposure should not be greater than
that which will result in a value for image resolution greater than 0.2 mm. at the scale at
which the photograph is to be viewed.

The magnitude of the image movement j in millimeters for a basic exposure of

==40.8 seconds

of asecond is given by :

1
100
j=447VS (3242L)

where J is the velocity of the aircraft in miles per hour and § is the scale of the aerial
camera negative. The value for any other exposure value can be obtained by multiplying
by the proper factor.

Example 4. Determine the image movement for the conditions of examples 1 and 3 for exposures of -

-5!(—)' %B, and Z}—é—ﬂ of a second.

Solution:
1

000

=0.022 mm.

Ffor L = 2
i for ) sccond ==4.47 X 120 X 57

?

1 for %second:Z X 0.022=0.044 mm,
bl
7 for 2—(1)—Osecond=0.5 X 0.022 =001 mm.
Special problems are sometimes encountered in flight planning relative to the amount

of side lap and flight spacing for areas where there is rugged terrain. Images of very high
objects located midway betewen two flight strips sometimes do not fall within the limits
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of the photographs of either flight because of relief displacement where the overlap and
spacing are planned on the basis of the elevation of the lower terrain of the area. It is
usually satisfactory if the effective overlap for high objects is as low as 5 percent where a
greater value is specified for the side lap in lower terrain. Formulas are now derived for
determining (1) the distance between flight strips that will assure a given minimum side
lap for specific elevations and (2) the highest elevation for which there will be assured a
given minimum side lap for a given set of flight conditions.

The term —H—f:—i{is substituted for § (equation 3222C") in equation 3242D :

w(l —s) (H—h)
7 .
Here .1 is the distance between flight strips, s is the desired minimum side lap, A 15 the
fiving height above sea level that has already been determined as preferable for the
photography, & is the elevation of the highest terrain in the area, and § is the focal length
of the camera. The solution for the element £ yields:
Af
wil—~s)°

A=

(3242)0)

= H — (3242\7
Ezxample 5. What is the highest ground elevation in example I at which there will be a side lap of
5 percent if the camera focal length is 6 inches?
Solution: Exemple 1 was computed as though the terrain elevation were at sea level, whence from
equation 3222C, H is 12,000 feet. Then, applying equation 3242N,

2.39 X 5280 X6
h==12,000 — = " _ = 3144 feet.
9(1 — 0.03) &
Example 6. What should be the ground flight spacing that will assure a 5 percent side lap in example
1 for'terrain 5,000 feet in elevation where a 6~inch camera is used?
" Solution: As in example 3, the flying height is 12,000 feet, and from equation 3242M,

. 9(1 — 0.05) (12,000 — 5,000) _ 9 mil
A= 6% 5380 — 1.89 miles.

Relief displacement of images of high objects in the line of flight is usually not objec-
tionable because the forward lap is so large that if the flight is planned so as to provide
sufficient side lap, then the forward lap will be adequate.

325. Treory orF Rapiar ProTTING

The theory of radial plotting is based on well-known principles of mathematics and
surveying, as well as on certain geometrical characteristics of aerial photographs. The
theoretical fundamentals are introduced here, but no attempt is made to outline the practical
procedures. Specific and detailed instructions for radial plotting are in chapter 4.

3251. The Radial Assumption

It is assumed in radial plotting that image displacements due to all sources, such as
relief, scale, tilt, lens, film, and paper, occur in radial directions from a specified radial center
so that the angular arrangement of the images on a photograph as measured at this radial
center are correct. An angle at the principal point subtended by any two images on a truly
wertical photograph is equal to the horizontal angle at the ground point P (see fig. 3.3)
subtended by the corresponding two objects. This fact is quite obvious because (1) a hori-
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zontal angle is defined as the dihedral angle between two vertical planes, (2) the ground
principal point P is vertically beneath the perspective center O and the photograph principal
point p, if the photograph is not tilted, and (3) equal horizontal angles are subtended by
any two objects at any point on the vertical line OF. A dihedral angle is the opening
between two intersecting planes measured in a third plane that is perpendicular to the
line of intersection of the first two planes. Dihedral angles are measured in ground survey-
ing with a transit or a theodolite inasmuch as the horizontal plane of the instrument is
leveled according to the indication of level bubbles, and the cross hair of the telescope is
free to sweep in a truly vertical plane. Thus a horizontal angle measured at P on the
ground between two objects with a transit is a dihedral angle hetween the two vertical planes
that contain the two objects and that intersect in a vertical line through P. Moreover,
the angle at p on a truly vertical photograph is also the dihiedral angle between the same
two vertical planes because the plane of the photograph is truly horizontal.

The radial assumption is sometimes referred to as the principal point assumption where
vertical photographs are implied because image displacements are toward or away from
the principal point. It was noted in 3224 and 3231 that differences in the scales of photo-
graphs and the elevations of objects do not affect the angular arrangements of images about
the principal point of a truly vertical photograph. It might also have been pointed out in 317
that lens distortion does not seriously affect the angular arrangement of images about the
principal point so far as radial plotting is concerned. The foregoing principles are facts
rather than assumptions. ’

The only image displacements that do not comply with the foregoing principles are
those displacements that are due to tilt and to the instability of photographic materials. In
terms of the explanation at the end of the previous paragraph, if a photograph is tilted, the
photograph perpendicular pO (see fig. 3.3) is not a vertical line, and angles measured at p
between pairs of images are not dihedral angles because the plane of the photograph is not
horizontal. Hence, the angles measured at p on a tilted photograph are not equal to the
corresponding angles on the ground. However, most vertical photographs are tilted so
slightly that the radial assumption can generally be assumed to be wvalid for practical
purposes. This is discussed further in 34, and practical methods are also discussed in
chapter 4 for minimizing the effects of tilt. Paper and film shrinkage are controlled by the
use of proper materials and also by special corrections. (See chapter 4.)

Horizontal angles can also be obtained from oblique and horizontal photographs and
utilized as in radial plotting, but such angles are obtained indirectly by certain graphic
constructions or by special instruments. (See 37.)

3252. Graphic Resection

Graphic resection is the solution by graphic methods of the three-point problem in
surveyving by which is determined the position of the point of observation by means of
horizontal angles observed between three or more points of known position. It can be
shown that each problem ordinarily has a unique solution. The solution in plane surveying
is often performed by computation. In hydrography the problem is solved by plotting the
position with a three-arm protractor on which are set the horizontal angles measured by
sextant. (See Special Publication No. 143, Hydrographic Manual, suhject 333.)

Graphic resection can be performed (see fig. 3.8) by (a) plotting the positions of three
control stations on a map projection, (b) constructing the observed angles on a transparent
sheet (templet) showing merely the three lines of indefinite length radiating from a common
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center, and (c) superposing the templet on the map projection and adjusting the templet
so that each radial line passes through its respective control point. The adjusted position
not only defines the position of the observer on the map projection but also defines the
orientation of the templet.

Ficure 3.8.—The principle of graphic resection as used in radial plotting.

Exercise: The photogrammetrist should satisfy himself that there is only one sclution for a given
three-point problem-—that there is only one position and orientation of the templet such that all ravs
pass exactly through the respective plotted positions. This can be done by placing three points any-
where (except the indeterminant arrangement, which is explained later) on a sheet of paper, construct-
ing a transparent templet of any three radiating lines having no relation to the three points, superpos-
ing the templet on the three points, adjusting the position of the templet to fit the three points, marking
the center position, and then removing and readjusting the templet to prove that two independently deter-
mined solutions result in the same location for the center of the templet.

Graphic resection is obviously applicable to photogrammetry. By this method the
position of the principal point and the geographic orientation of a vertical aerial photo-
graph can be determined from the horizontal angles subtended by the images of three
points of known position. Moreover, the templet can be traced directly from the photo-
graph without actually measuring the angles.

Resection is also called a “three-point fix” because the point of observation is “fixed”
by the angles subtended by the three points. The strength of a fix refers to the relative
change in the determined position that caa occur before the solution appears to be in
error. The strength of a fix is affected by the relative arrangement of the control points.
For example, if the principal point of a radial templet is at the center of the equilateral
triangle formed by the control points, then the templet cannot be moved in any direction
without causing at least one of the rays to miss its control point. This is the strongest fix.
But where all three control points are on one side of the templet, it is sometimes possible
to shift and rotate the templet an appreciable amount before any one of the rays misses
its control point.

Resection is indeterminant where the three control points and point of observation
(the center of the templet in radial plotting) all lie on the circumference of the same circle.
This feature is an application of the theorem in geometry that states that the magnitude of
the angle subtended by a chord of a circle at some point of the circumference is invariant
with respect to the location of the point on the circle. Thus, where the positions of the
three control points and the position of the principal point of a radial templet lie on a
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common circle, then the templet can be fitted to the three points in innumerable positions
because the three chords determined by the three points subtend equal angles at the templet
center regardless of where the radial center is placed on the circle of the three points.
Moreover, where the principal point and the three control points lie approvimately on the
same circle, there are often a number of positions for the templet center that seem to give
equally satisfactory solutions to the resection problem. In radial plotting, the indeterminant
case and the case of a weak fix are usually solved by the use of a fourth control point, which
ohviously must not lie on or near the circle of the other points. ( See also 423.)

The problem of graphic resection is based on a minimum of three control points but
there is theoretically no limit to the maximum number of points that can he used. The use
of more than three points provides a check on the solution and generally improves the
strength and accuracy of graphic resection. Tn radial plotting, there are usually more than
three points, although some or all of them might have heen determined previously by graphic
intersection (see 3253) rather than hy ground surveving.

3233. Graphic Intersection

Graphic intersection is the solution by graphic methods of the problem in mathematics
and surveying that determines the position of a point by means of directions measured at
two points of known position to the unknown point. It is equivalent to the trigonometric
solution of any triangle where two angles and the included side are given. The resulting
position of the intersected point can be obtained by graphic construction as well as by
computation,

/

Map projection

Tompiat 1

Fioure 3.9.—The prineiple of graphic intersection as used in radial plotting.

In radial plotting, the two points of known position (p; and p; in higure 3.9) are the
radial centers of two templets (I and II) that have been fixed in both position and
orientation by prior graphic resection. The two angles are in the form of two radial lines
of indefinite length, one traced on each templet through the corresponding image on each
of the two photographs. The intersection of the two radial lines is the position of the image
on the map sheet and the intersected point is properly related to the plotted control points
that previously determined the problems of resection. All lines other than the two inter-
secting rays have purposely been omitted from the figure. In practice, each templet usually
contains many rays, and the problems of resection and intersection are solved simultaneously.
Intersections are usually formed by more than two rays to check the procedure. (The
common azimuth line p,p, is not shown in the figure.)
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3254. Principle of the Azimuth Line

The azimuth line 15 of practical importance in radial plotting. An azimuth line 1s the
radial line on a photograph or templet that also passes through the position of the radial
center of an overlapping photograph or templet. An azimuth line of a photograph is
determined by the radial center and the conjugate radial center. .\ conjugate radial cenrer
is the position on a photograph of the radial center of an overlapping photograph. Obvi-
ously, a conjugate center.ean onlv occur where the overlap is more than 30 percent. In
practice, the conjugate radial center, which determines the azimuth line, is readily located
by the use of a stereoscope. Obviously, an azimuth line on one photograph is duplicated
on the overlapping photograph hecause each line connects the same two corresponding
images. Inasmuch as each azimuth line is radial from its own center, and also passes
through the other center, the azimuth line is a common line of the two photographs.
Thus, in the adjustment of the radial templets, all common azimuth lines should be
collinear, or lic one on top of the other, except where there is excessively large tilt in
either photograph.

The presence and use of the azimuth lines in radial plotting, together with the principles
of resection and intersection, enable one to construct a rigid and accurate system of graphic
triangles to determine the map positions of images. Azimuth lines can be compared to
backsights and foresights in planetable or transit traverse surveying.

3255. The Radial Plot and Its Extension

It is significant that the problems of intersection and resection and the use of azimuth
lines are independent of the scales of the photographs and the elevations of the objects
if the photographs are truly vertical. Furthermore, the intersected position is in its
correct map position regardless of where the photographic image might have been along
the radial line.

Theoretically, only two control points are needed in any radial plot, but in practice
many more points are required to maintain map accuracy specifications. It is significant,
however, that every templet need not be resected or fixed from ground control points. If
any two overlapping templets are assembled without control points so that their common
azimuth lines coincide, then any intersected positions are related correctly to one another,
but the scale and geographic orientation of the intersected positions are not known. These
two templets can be placed at any distance apart as long as their azimuth lines coincide
and their separation fixes the scale of the intersected positions. Other adjoining overlapping
templets can be added to the initial pair in an unending sequence and the scale of the
assembly or plot will theoretically be that of the first pair. If intersections for any two
horizontal control points occur anywhere in the assembly, then the scale can be determined
by comparing the radial-plot distance with a known ground distance between corresponding
points. Also, if the control points are plotted on a map projection or grid, then the scale
of the plot can be expanded or contracted by reassembling the plot so that the templets
are moved only along their common azimuth lines until the intersected control points are
at the required separation. Then both the scale and the orientation of the plot are those
of the map projection if the two intersected control points coincide with the respective
plotted control positions. Templets can then be added to the plot with or without additional
control and the radial plot is said to he “extended”. The number of templets that can be
added without additional control is obviously limited by accuracy considerations. This topic
is discussed further in 42.
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The applications of the principles of radial plotting thus enable the photogrammetrist
to construct or compile a planimetric map (orthogonal projection) from two or more vertical
photographs (perspective projections). The map positions for all the photographic images
of significance can be determined from the photographs hecause there is theoretically no
limit to the number of photograph images that can be intersected.

326, PARALLAX AND ELEVATIONS

Parallax is a measurable linear dimension that is related to the elevarion of an object,
and which exists for each pair of corresponding images on two overlapping photographs.
Parallax difference is the principal element used in determining elevations from photographs
and is the principal cause of stereoscopic vision. As might be expected from the general
definition of the word, parallax is the apparent change in position of an object as observed
from two different points (perspective centers). In practice the total parallax is sometimes
considered as resolved into two perpendicular components, one of which is called x-parallax,
which is related to elevations, and the other is called y-parallax, which is a hindrance to
stereoscopic viston.

3261. Stereoscopic Parallax
Absolute stereoscopic parallax p is defined as

p=x—x _ (32614)
(see the small diagram of figure 3.10) for the images of an object on two overlapping
untilted vertical photographs of equal focal lengths and equal flying heights where x and 2’
are the abscissas of the images as explained in the next paragraph. The parallax p is related
to the elevation of the object 4, the distance between the perspective centers B (air base),
the focal length of the photographs f, and the flying height H, as shown by the equations:

__ Bf .
b=g—7 (3261B)

h=H— %f—. (3261C)

Consider two photographs, I and 11, (see fig. 3.10) without tilt taken from O and O’
a distance B apart having equal focal lengths [, and equal flying heights . The points a
and o’ are images on the separate photographs of the common object 4 of elevation /& above
some datum plane. Let x and y and 2" and ¥ be the rectangular coordinates of ¢ aud &',
respectively, where the x-axes are chosen parallel to the air base OO’ with -+ to the right
and the origin at the nadir points # and #". (On an untilted photograph, the nadir point
coincides with the principal point. See 341. The nadir points are used for convenience in
symbolization.)

The ground nadir points N and N’ are also of elevation /i and are vertically beneath O
and O’, respectivelv. Then the plane OO'N'N is vertical. Let A, be the orthogonal pro-
jection of 4 in the plane OO'N'N and let a; and ¢, be the images of 4,. The lines
aay, a'd’y, and A4, are mutually parallel because the photographs are not tilted. Also +=
na; and »"=n'a’, are the abscissas of the images a and a'.

The insert shows the two triangles Ong, and O'n’a’y placed with their common side f in
coincidence. Then the distance a,a'y=p is defined as the absolute stereoscopic parallax for
the pair of images, and equation 32614 follows. The image a' frequently occurs to the
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TFigure 3.10.—The principle of absolute stereoscopiz parallax.

left of #" on photograph II where the algebraic sign of +* becomes negative and the usual
convention as to signs is observed.

Consider triangle Oa,0’; of the small diagram, and triangle 0.4,0’ of the main figure.
The line aya’; is parallel to OO’ because the photographs are not tilted and because the two
flying heights ON and O’N’ are equal. Line Og, of the insert is parallel to 0.4, because the
former was constructed parallel to Og; of the main figure where it is a part of OA4;.
Similarly, Oay’ of the insert is parallel to (’.4;. Therefore, the two triangles are similar
because their sides are respectively parallel, and consequently their corresponding dimensions
are proportional. (The corresponding altitudes of the two triangles are considered as cor-
responding dimensions; the altitude of triangle Oaia’y in the insert is f, and that for triangle
0A4,0'is H — h.) Then the relations can be written,

0101'__ On

00" 7 ON
LI
BT H-&

from which equations 3267PB and C are obtained by rearranging the terms algebraically.

Equation 3261B indicates that the parallax value varies only with the four elements
f, B, H, and h. No term is present that has to do with wicre the images appear on the
photographs, and hence parallax is entirely independent of the location of the object as long
as there is an image of the object on each photograph. Also, for a given pair of untilted
photographs, f, B, and H are of fixed values and the value of parallax p depends entirely
on the one remaining variable term; namely, the elevation ) of the object.

Example. The image of a hilltop on one photograph has an r-coordinate of + 50 mm. and on
another photograph — 40 mm. The focal length of the photographs is 4 150 mm., the flying height
is 12,500 feet, and the distance between the exposures is 7200 feet. Find the elevation of the hill.
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Solution :
p=x~—zx' =50 — (—40) =90 mm.
b _iz 12,500 — (7200 X _19-‘01) = 500 feet.
This method of determmmg elevations is not employed much because it is more

convenient to measure and to use differences in parallax. Absolute stereoscopic parallax
1s the basis for the parallax-difference relations.

3262. Elevation Difference from Parallax Difference

The difference in elevation 3 of two objects is related to the difference in parallax
Ap by the following equations in which H is the difference between the elevations of the
camera and of the lower object:

— ?
M= (3262.4)
bak
— 2
Mp =g (3262B)

Let £, and /2 be the elevations of the two objects and let their difference in elevation be
Ah = he —hy. Also let p1 and pa be the parallaxes of the two pairs of iinages in accordance
with equation 3261B, and let the difference in parallax be A\p = po —p,. IFrom equation
3261C,

B B
hle—}% and hz_H—Pf
Then,
Ah:(H'—-Bf) ( f)_Bf(_l_—_.l_
h I P2
B P1p2 Pl P
Because—p—f— = II — h from equation 3261C, and because p» = p, + Ap, then,
1
Ap (H — )
A= —r
L+ Ap

This formula is general and exact, there having been imposed no approximations nor special
conditions.

Suppose that the lower object is at sea level so that hy =0, or else the equivalent
supposition that H is measured from the lower point upward to the perspective centers.

Then from equation 32613, p; = —}—; r_P. = 1’; ,

is the photographic image of the air base B at the Sca[e%l—' The letter b can then be used

and according to equation 3222B, p1

logically in place of p;, and equation 32624 is the result. Equation 32628 1s obtained from
3262 A by algebraic rearrangement of the terms.

Equation 32624 is widely used where elevations are determined from photographs
without the use of a precise stereoscopic plotting instrument. The equation is exact only
where H 1s measured from one of the objects, but if H is not known exactly, the effect 1s
not serious in practice because the value is known sufficiently close that any resulting errors
are insignificant. The value of b is frequently obtained by taking the average of the two
distances from the principal point to the apparent position of the other principal point (the

837982%--50—10
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distance between the principal point and the conjugate principal point). If the terrain at
the conjugate principal point is not at elevation /i, or 1., then the value 7 is in error becaus:
of relief displacement. The value b can also be measured conveniently from an accom-
panying radial plot that was assembled at or near the scale of the photographs. A small
error in b is not critical because the total value is comparatively large and because the
errors due to tilt are apt to he much larger. If the value Xp is relatively small. it can be
eliminated from the denominator of equation 3262.1 to facilitate slide rule computation.

The value Ap in the numecrator is extremely critical.  Decause of the small value of
Ap, a small actual error is a relatively large percentage of the total value, and the result-
ing elevation is affected in the sume proportion.

Example. The distance between the principal point and the conjugate principal point is 84.7 mm. on
one photograph and 86.1 mm. on the other., The parallax difference for the pairs of images at the base
and the top of a tall stack measures 1.22 mm. If the flying height iz 14,000 feet above the ground, what
is the height of the stack?

Solution :

b= 15 (84.7 + 86.1) =834 mm.
Ah=122 X 14,000 = (354 — 1.22) =197 feet.

The value Ap can be measured with a parallax measuring stereoscope (stereocom-
parator) (see chapter 6), or it can be measured with ordinary drafting instruments, as
follows:

(1) Lay the two photographs alongside each other (sce fig. 3.11) so that the four principal points
and conjugate principal points are all in the same straight line, and so that the separation of the photo-
graphs is any convenient distance.

(2) Set a pair of dividers {or a beam compass) to span the distance between one pair of corre-
sponding images, as a and a’,

(3) Construct through one of the other images ¢ a segment of the line ¢¢’ that joins thesc
two images, such as the segment ca”.

(4) Transfer the dividers to the second pair of images so that one end of the dividers is at one
of the other images ¢* and the other end of the dividers is on the line segment, as at a”.

(5) Then the distance ca” is the difference in parallax which can be measurcd by any convenient
method for use in equation 3262A4.

]

- -

Conjugate principal points

Fiecurs 3.11.—How difference in parallax tan be measured with dividers.
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The proof of this method consists of the addition and subtraction of certairn distances
to show that ca” = Ap, With reference to figure 3.11,
A=K -+, = = (v, — 2 V=K —p
C=KN—-r,+x/=K— (v,— ry=NK-—p,
" =C—Ad=(N—=p— (K— pg) = ps— pe=Ap.

Great caution must be exercised in determining elevations by these methods, principally
because the formulas were derived assuming a complete absence of tilt, The accuracy of
the elevation difference in the example is normallv about = 13 feet where the two images
(g and ¢ in figure 3.11) are less than about 1 inch apart. But errors may increase very
rapidly as the distance becomes greater between the images for which the difference in
elevation is being determined. Logical corrections can he made if there exist enough known
elevations to indicate the trend of the errors. The complete mathematical consideration of
the effect of tilt is difficult, but the problem is easily solved with stereoscopic plotting
Instruments.

3263, Y-Parallax

Y-parallax is defined as

tv=y—y
in the manner similar to the definition of stereoscopic parallax (3261). V-parallax is
zero and nonexistent if the two photographs are not tilted, are of equal focal length, and
of equal flying height. A failure in the observance of any one of these three conditions
causes the value of y-parallax to be other than zero. Hence, the presence of y-parallax
indicates that one or more of the three conditions has been violated; furthermore
y-parallax can be used as a means for measuring and/or correcting the photographs. The
development of the relation of y-~parallax to tilt, focal length difference, and flying height
difference is beyond the scope of this manual. Y—parallax can also be created by the failure
to orient photographs correctly for viewing with a stereoscope. When using tilted (not
truly vertical) photographs in simple stereoscopic instruments, y-parallax is removed for
visual purposes in each local area either by shifting one of the floating dots in the y—direc-
tion, or by shifting one of the photographs. Y-parallax caused by tilt and scale can be
eliminated for the entire area of overlap either by first rectifying one or both of the photo-
graphs, or by the equivalent operation of tilting one of the photographs for viewing, which
is practiced on many precise stereoscopic plotting instrurents.

The absence of y—parallax under ideal conditions can be shown by considering figure

3.10. In thesimilar triangles 044, and Oaa,,

oo 1

A4,  H—&'
In the similar triangles 0’44, and O'd’a’y,

k a a’ - ]c
A4, T H—h

Hence, ¢a; = ¢’ a,'. Because y = ag; and y = a' 0, theny =y andy — ¥ = 0.

3264. Relation Between Parallax Difference and Relief Displocement

Difference in parallax is also equal to the sum of the projections of the relief displace-
ments on the azimuth line. For example, the parallax difference for the image of an
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elevated object (fig. 3.12) is equal to the distance 0'c’ which is composed of the sum
of the orthogonal projections a'd’ and a'¢’ of the relief displacements al and ac on the
azimuth line ni’. The principle is noteworthy for two reasons: (a) the relation between
parallax and relief displacement is vividly demonstrated; and (%) a basis is laid for con-
sidering the orientation of a pair of photographs that will cause maxnnum stereoscopic
sensation (see 3335).

Freere 3.12.—The relation of parallax difference to relief displacement.

The figure shows two overlapping photographs as though they were printed on trans-
parent material. The photographs are not tilted and have equal focal lengths and equal
flving heights. The ground objects N, N’, and the base o of the figure all have zero
elevation. Hence the photographs can be superposed so that the corresponding principal
points and conjugate principal points and the images of the base of the object all coincide,
The image of the top of the object is at b on photograph I and at ¢ on photograph II.
Then the relief displacement of the object is the distance ab on photograph I and ac on
photograph II. The projection lines aa’, bb’, and cc’ are all perpendicular to the azimuth
line mn’. It is to be shown that the difference in parallax Ap for the images of the top
and the bottom of the object is equal to the sum of the projections a'd’ and a'c’. By equation
32614, :

Do =g — .‘l‘a'
Poe == ¥p — )
Ap = ppo— Pa= 12, — 1/ — 1y + 2,/
But x; = na’ and 2, = nb’. Also x,’ = — n'c’ and 2,/ = — n'c’, where the negative signs
result from the fact that these coordinate values are measured to the left of their origin »’
in the usual negative geometric sense. Then, by substitution,
Ap=nb' — (—u'e") —na’ + (—n'd
Ap = ab" + n'c’ — na’ — n'a’
Ap= (b —nd') 4+ (n'c’ —w'd') =al’ +a¢
Althotigh the method of proof is not entirely general, it can also be shown in a similar
manner that the principle is valid for any two pairs of images.

327. ANALYTIC PROBLEMS

Two problems exist that are fundamental to theoretical photogrammetry and that are
related to untilted photographs: (1) to find the exact flying height where the camera focal
length, the horizontal distance bhetween two ground stations, and the elevations of the two
stations are known; and (2) the inverse, to find the exact ground distance between two
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stations where the camera focal length, the elevations of the two stations, and the exact
flyiag height are known. The existence of the problems is due to the fact that equation
3222¢ % = 1—_{——{:—% does not apply where the two objects have different elevations. The
solutions have little or no direct application in practical photogrammetry, but they are used
in an exact method of tilt determination. The two topics are considered in reverse order
for convenience. The analysis is based on rectangular plane coordinates of images on a
photograph measured with an accurate measuring device, such as a comparator. The
accuracy of the final values is exactly consistent with the accuracy of the initial meas-
urements, and is entirely independent from discrepancies which ordinarily result from
graphic construction, or analytic approximations which sometimes occur when problems
of this nature are encountered.

IEquation 3222C was based on the assumption that the objects 4 and B were of equal
elevation. If the objects are not of equal elevation, the average elevation for the value of /2
in the equation does not 'vield the correct result. TFurthermore, the application of relief dis-
placement to either or both images introduces graphic errors and is not adaptable to tilted
photographs, An average value for /i is frequently used in practice inasmuch as the error
is not serious if the elevation difference is less than about one percent of the flying height.

3271. To Find the Exact Ground Distance

Let the two elevations of two objects on the ground be iy and kg, and let the coordi-
nates of the corresponding photograph images be x,, ¥4, 45, and y,. The origin for the
coordinates is the principal point (also the nadir point) and the reference axes can have
any convenient orientation. It is customary to let the fiducial marks determine the axes,
with the +-r-direction being that of the general direction of flight. It is assumed that
the flying height H and the focal length f are known, Let X,, YV, X5 and ¥ be
the plane coordinates of the ground objects 4 and B such that the ground coordinate axes
are parallel, respectively, to the photograph coordinate axes, but which are in no way
related to any geographic system of plane coordinates. Then from equation 3222C

: H—h ‘
Xy= ’—"'—(mj-—;‘l (32714)
where x, and X4 correspond to ab and 4B, respectively, of the original equation. Here
only one elevation is encountered, and a horizontal datum distance is obtained from the
ground nadir to the object—a distance that is independent of elevation, Similarly,

H i
YA:yG——-)T—l-é
XB:J'D‘[—L‘_f-“"‘—"'hB
yszybf{_%f‘_s.

Then the horizontal distance 4B between the two objects can be cobtained from the four
horizontal ground coordinates, as in analytic geometry, from the relation

AB=~/ (Xa—X5)*+ (Y1 —¥5)* (3271B)
or AB =~JAX?: + aY2,
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Example. The data and computation are arranged below in tabular form. The flying height is
14,000 feet and the focal length is 200 mm. The problem is to find the exact ground distance between
the objects 4 and B.

Solution :
Aleasured data Computation
&,mm,] y,mm. hyfed Ji—h (H—h)-=f X ¥ AX AY AB
a | +200] 41301 A 300 13300 67.3 +13500| 410123 +-33500 | 288751 44227
b|—320] —300] B | 1300 12300 62.3 20000 —18750 -

The exact ground distance is +4,227 {eet. ) )
If this problem had been computed by the method of cquation 3222C directly:

ab==~/ (ve — x2)* + (¥« — yo)° == 587.68 mm.

Average h:.i.. (1300 + 300) = 1000.

AB =2t (Ij_ —h)_ 68768 (14'2%%0 — 1000) _. 44,699 feet, which is in error 472 feet.

3272. To Find the Exact Flying Height

The exact flving height is determined by a method of successive approximation which
vields a result that is exactly consistent with the given data. The indirect method is used
because (1) it is just as short as a direct solution, and (2) it is a tvpe of solution that is
very similar to that used where tilt is considered (see 346) for which there is no choice
of methods.

The method consists of (1) obtaining a logical trial value of the flying height from
whatever source is convenient, (2) using this value with equations 32614 and B to obtain
a corresponding trial ground distance between two objects of known separation, (3) adjust-
ing the trial flying height value in accordance with the distance error, and (4) repeating
steps (2) and (3) until the trial ground distance is correct to any desired limit of error.

The initial trial flying height H; can be the value reported by the aerial photographer,
or it.can be computed from equation 3222C using the average value of An:

AB
Ht:hm_l"jﬁ;

where ab can be scaled from the photograph, or computed from the photograph coordinares
using

ab ="/ (2s — %) + (¥a — Ju)".
Let the trial ground distance be (4B); as obtained by equations 32714 and B using H,.
Then a logical, better value H can be found from the following relation for which no
derivation is given:
AB
H=h, Hi— hw) —5+ 3272

Here, only the variable altitude (H; — h,,) of the aircraft above the mean ground elevation
is corrected. If too great a value for H; had been used, then (4AB); would also be too
large; hence, in equation 3272, the ratio (AB); would tend to make the new value H
smaller than H;, which' is as desired. This value for H will result in the correct vahe for
AB if the elevation difference is not extreme. In the following example, a second adjust-

ment of H is required hecause of the large elevation difference.
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Example. Given:

l ¥ inmm, I yinmm, hin ft,
a +200 l +150 - 4 500
b — 320 - 300 R 1300

Also, f = 200 mm. and AB = 4,227 feet. Find the exact flying height.
Solution: As in 3271, ub = 087.68 mm.
Trial flying height A, == 1000 + (200) (#.227) = 087.68
= 1000 + 12,303
== 13,863 feet.
Using H: = 13,863, (.15} is computed:

= |y Rl He=h ((H=+f] X v | aX | av B,
@ |4200] 4150 A | 300 13303 06.815 | 13303 | 410022 33144 -+28566| 43755
b} —320 | =300} B | 1500 12363 61.815 —19781 | —18544
As (AB): is not equal to the given value for AB, H. is adjusted:
H = 1000 + (13863 — 1000) (44227) + 43735 = 1000 + 13002 = 14002.
Using H == 14002, AB is again computed :
x|y ho| Hoh |(H=I)=f| X v oax Az | 4B
a A 13502 67310 | +13502 | +10127 | +33505| +28380| 44234
b B 12502 62.510 | —20003 | —18753 |

As the value 4B is still in error, another adjustment is required.

H = 1000 4+ (14002 — 1000) (44227) = (44234) = 1600 4~ 13000 = 14000.

Using H = 14,000 in the third computation gives values exactly like those in the solution to the example
in 3271, showing that 14,000 feet is the exact flying height because it results in the correct ground
distance,

33. STEREOSCOPY

Stereoscopy is the science and art that deals with vision with two eyes that results
in a mental sensation of three dimensions. An attempt is made in this section to explain the
basis of stereoscopy as related to the mechanical operation of the eyes. An explanation
is given for the exaggerated idea of heights one obtains when he views a pair of aerial
photographs with a stereoscope, and why the degree of exaggeration is different under
various viewing conditions. The relation of relief displacement and parallax difference to
stereoscopic perception is shown. Suggestions and stereograms are included for training
one to view photographs stereoscopically, and instructions are given for orienting a pair
of photographs for viewing with a stereascope.

331. Tue Human Eve

A review of the facts and a few comments concerning the mechanical structure of the
human eye may be helpful in understanding the operation of the eyes in using stereoscopic
as well as other optical instruments. Figure 3.13 is a diagram showing a horizontal section
through the right eye (see footnote in 31). Light enters through a thin membrane called
the cornea, passes through the liquid aqueous humor, proceeds through a capsule of jelly-
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like material misleadingly referred to as the crystalline lens, traverses the jelly-like vitreous
humior, and is finally brought to a focus to form a real image on the retina. A fine network
of light-sensitive nerve ends on the retina transmit their sensations to the mind by way
of the optic nerve. The index of refraction of each of the optical substances is about the
same as for water, with that of the lens heing somewhat greater. Each of the substances
through which the light passes is an integral part of the optical lens system of the eye.

Ficure 3.13.—Horizontal cross section of the right eye.

The aperture stop for the eye is an adjustable diaphragm known as the iris. It opens and
closes automatically, contracting under brilliant illumination and expanding under dim light,
thus changing the size of the opening (the pupil) through which light enters the eye. The
maximum size of the pupil is regarded as about 8 mm., which places a practical limit on
the largest size that is needed for aperature stops of eyepieces for optical instruments. The
property of changing the size of the pupil is known as adaptation. Thus, the iris tends to
control the brightness of the retinal image regardless of the brightness of the illumination
of the object, and for this reason the eye is not an accurate light meter.

Most of the refraction of light in being brought to focus on the retina occurs at the
first surface of the cornea. A change in focus to adjust the eye for different object dis-
tances is made by the lens whose shape is changed automatically by muscular action. This
ability is known as accommodation. The range and speed of accommodation usually
decreases with age, the explanation being that the eve lens tissues become less pliahle so that
a change in shape becomes difficult or impossible. It is also argued that accommodation is
assisted by a change in the shape of the eyeball so as to increase or decrease the image
distance.

The retina is a sensitive screen on which the image is formed. The ends of the nerve
fibers consist of microscopic structures known as rods and cones. The visual center of
the retina, the fovea centralis, in most individuals consists exclusively of cones. Outside
this center, rods occur in increasing numbers and cones in decreasing proportion. The
cones seem to be associated with acute daylight vision, for in order to study an object
closely, the eye automatically rotates to bring the image onto the fovea where the cones
are closely packed. The rods appear to be associated with night vision and dim illumina-
tion. The field of distinct vision in daylight is surprisingly small—about 1° in angular
extent-—whereas the rest of the visual field is used something like a finder for selecting
images which are to be brought onto the fovea for closer examination. Thus, in reading,
the eye shifts from word to word bringing each in turn onto the fovea, the action being
accomplished by a rotation of the eyeballs in their sockets through the action of the eye
muscles.
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The cones in the fovea vary in size from about 0.0015 to 0.0050 mm. in diameter.
The cones in the outer regions are much larger. These dimensions set a physiological limit
to the fineness of detail that can be distinguished, because a cone is fully sensitized if light
is incident on any part of it. The cones thus tend to limit resolution or visual acuity in
the same way that grain does in a photographic emulsion, although at times the eye per-
forms much better than one should expect from these considerations. The normal eye
working under favorable conditions is capable of aligning two fine lines with an error usually
less than 10 or 12 seconds of angle. This wernier acuity is inexplicably as low as two
sceonds in some individuals.  The lmit of stercoscopic acuity corresponds closely to that
of vernier acuity. The size of the retinal image in meters can be obtained from the relation

g
L

where ¥ is the dimension in the object corresponding to v, and L is the distance from the
eye to the object. The focal length of the lens of the eye for distant vision is considered
as being about 21 mm. and changes to about 19 mm. for normal reading distance.

The two eyes are capable of rotating in their sockets simultaneously and also, to a
lesser extent, separately. This independent horizontal rotation is known as convergence
which enables the centering of both retinal images on their respective fovea for objects far
and near. The independent vertical rotation is normally very slight but becomes noticeably
developed in operators of sterepscopic instruments. The eyes can thus become somewhat
tolerant to a lack of vertical alignment of a pair of images.

The elements accommodation and convergance are somehow linked together in normal
vision. When the eyes converge on an object so as to place the retinal images on their
respective fovea, the eyes also automatically accommodate so as to form a sharp image.
Thus, the convergence of the eye might be compared to a range finder that automatically
notifies the accommodation element what distance to use in focusing. The photogram-
metrist, however, sometimes needs to interrupt this relationship between convergence and
accommodation so that his eyes will diverge as in distant vision but will accommodate for
ordinary reading distance. This is done in examining a stereoscopic pair of photographs
without the aid of a stereoscope and is often done to some extent continuously by operators
of stereoscopes and stereoscopic instruments, '

If the eye is suddenly exposed to light, an appreciable time elapses before there is a
- mental response. When the light is extinguished, there is again a time lag before the
sensation stops. If the light appears and disappears with increasing rapidity, a critical
frequency is eventually reached at which the light source appears to be constant in bright-
ness. The critical frequency varies from about 10 to 40 cycles per second depending to a
large extent on the brightness of the object. This characteristic is known as flicker sensi-
tivity or persistence of vision. It is the basis for the use of flicker spectacles in stereoscopic
observations, and also for motion pictures and the stroboscope.

The lens muscles and the rotating muscles of the eye are usually relaxed if a distant
object is being viewed. Effort is spent in the design of optical instruments to deliver image
rays to the eve in such a way that they appear to come from infinitv (parallel light) in
order to lessen the element of eve fatigue. It is usually possible to obtain a slightly larger
image by placing a magnifier closer to the object to cause the ohject rays to diverge some-
what as though coming from the usual reading distance, but the eye muscles are then in
tension and are subject to fatigue if they are subjected to long operating conditions. From
this consideration, an optical aid such as a reading glass, magnifier, lens stereoscope, or

y=0.015
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evepiece should be used so that the distance from the glass to the subject is equal to the
focal length of the lens for maximum eve comfort.

The eye as an optical instrument can be compared to a modern aerial camera. The
eye, as explained above, has a clear angular field of only about 1°, whereas current aerial
cameras have fields of view of 90°. The resolution of the eye retina is about one minute at
the fovea and decreases rapidly for other parts of the retina, whereas that of a common wide-
angle camera is about one-half minute over nearly all the angular field of view. The
maximum speed of the eye is about f/2.5 whereas that of a current wide-angle lens is §/6.3.
Whereas the retina is sensitive only to the usual visual range of colors, photographic
emulsions can be made sensitive also to invisible infrared and ultraviolet light. The eye
might be affected by any of the aberrations common to lenses and might require correction
in the form of spectacles, Some of the aberration difficulties encountered in lenses are
partly solved in the eve by the use of a curved or bowl-shaped image screen or retina. The
eve, of course, possesses the element of fatigue which tends to reduce greatly its efficiency
of operation in every respect.

332. THE SENSATION OF RELIEF

Normal vision includes the sensation that some objects are nearer the observer than
others, The phenomenon is frequently referred to as depth perception. The greatest
single element affecting the perception of depth lies in the fact that one observes an object
with two eves which are separated a fixed distance and which act somewhat like a range
finder.

Vision, as indicated previously, is purely a mental sensation, The retinal image is
transmitted to the mind by means of nerve connections, to produce a mental picture of the
object. The retinal image conforms to the rules of perspective projection and is regarded
as a perspective view, with the pupil as the perspective center. Owing to the fact that the
pupils of the eyes are separated, the perspectives thus formed are usually not identical.
The mind receives the two slightly different views and responds with a mental impression
of three dimensions which is called a stereoscopic medel. Just how the mind performs
this function is perhaps a mystery, and need not be considered further here. It is sufficient
to know that the mind has learned to accept the different images and interpret them as
resembling a solid replica of the object. It is further realized that sufficient geometric data
are contained in the two perspective views obtained from perspective centers which are
separated by a fixed interpupillary distance, so that the object could be reconstructed in
three dimensions.

The stereoscopic sensation can also be created artificially by impressing on the two
retinas proper perspective views (photographs) in such a manner as to simulate the natural
conditions of observing the object itself. This can be done in any of a number of different
ways of observing two different overlapping photographs separately, such as (a) without
any optical aid; (&) with a stereoscope of the lens, mirror, or prism type described in 144 ;
(¢) with spectacles of complementary filters as in viewing anaglyphs, the multiplex, and
certain three-dimensional movies; (d) with polaroid spectacles of opposite alignment as in
viewing vectographs and three-dimensional movies in color; (¢) with synchronized ficker
spectacles as used in certain stereoscopic instruments; or (f) with a vertical lenticular
grating as used in certain novelties and advertising displays. The function of each of these
methods is identical, namely, to transmit to each retina separately a different perspective
view as made by photography from two different camera stations.
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One should bear in mind that every photograph possesses a unique center of per-
spective—a point in space off the surface of the photograph a distance equal to the principal
distance and on a line perpendicular to the plane of the photograph at the principal point.
If one eye is placed at the perspective center of a photograph, the images appear to be in
exactly the same relationship as they would appear if the object itself were viewed from the
point at which the photograph was taken. A second photograph of the same object, taken
from a different point and observed with the other eyve placed at its perspective center,
completes the necessary condition to cause the same solid mental impression that might
have been experienced if the eyes themselves had occupied the original camera stations.

Figure 3.14 illustrates the principles of artificial stereoscopic impression. Suppose
the left eve to be at the point O and the right eye at O', and consider that a cube I-L is
observed, If rwo sheets, p and p’, of transparent material, such as glass, are placed in the
same plane between the eves and the object, the points i and *, for example, both appear to
coincide with the object point I. If the cube is removed the points ¢ and 1’ continue to
appear to coincide at the original position I in space. Similarly, each of the corners of
the cube remain to be visualized by virtue of the fact that corresponding pairs of image
points like ¢ and ¢ appear to be in coincidence. Thus, two systems of points and lines on
the transparent sheets repeat on the respective retinas the same image positions that were
experienced when the cube itself was being viewed. The mental processes interpret these
two impressions in the same manner as they did with the original object—a solid of three
equal dimensions.

Ficure 3.14.—Principle of stereoscopic photographs,

The transparent sheets, p and p’, are identical to photographs (contact prints) with
their perspective points at O and O’ and having focal lengths Op and O'p’. If the
contact prints of pairs of photographs are observed in their proper orientation with the eyes
placed at the two respective points of perspective, then the mind interprets the view in its
true three-dimensional form as with the cube and the transparent sheets, with the added
convenience of realistic and helpful shading. Ordinary overlapping aerial photographs
usually furnish satisfactory pairs for obtaining a